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Dedication 



ARTHUR M. WRIGHT, M.D. 

Teacher, Surgeon, and Friend 

During the past decade anesthesiology has developed into 
a science and a specialty. The center of anesthesiol^y at 
New York University and Bellevue Hospital has given im- 
petus to the remarkable advancements in this fiel^. Dr. 
Wright’s foresight in establishing and his guidance in devel- 
oping this center will always be remembered by those who 
worked with him at Bellevaie. ' 

EPILOGUE 

Arthur Wright passed away in 1948, but he lived to see his 
vision shape into reality and to see many of the trainees of 
the Department of Anesthesia at Bellevue spread nationwide 
and assume the leadership in developing Anesthesiology and 
occupy positions of responsibility in the specialty. 




Preface to Second Edition 


T he ^vriter began to assemble the material for the first edition nearly 
twenty years ago. At that time, the selection and the assembling of the 
subject matter was not the difficult task that it has been to prepare the sec- 
ond edition. The present day fiterature pertaining to the subject is volumi- 
nous. In many cases in this revision individual chapters are either resumes 
of a massive collection of ^v^itings on a particular subject or they are a com- 
pilation of well established fundamental principles on chemistry or physics 
of anesthesia. To add more than has been added not only would enlarge the 
book beyond the point of usefulness but would also obscure the original 
intent of the book which was to provide necessary basic data for those who 
are interested in being grounded in the basic sciences associated with the 
administration of anesthetics. 

The original edition was titled The Chemistry of Anesthesia. Physics was 
included in the first edition but in the revision this portion of the subject 
matter is more detailed. The title, therefore, has been changed to The Chem- 
istry and Physics of Anesthesia. The general plan, grouping of subject matter 
and scope of the book remains the same. Basic fundamental concepts of ele- 
mentary physics and chemistry which are essential for understanding the 
topic being presented and which the author has found by experience that 
the student has forgotten or has never learned are included whenever they 
appear to be indicated. 

The miter is indebted to Dr. Frank W. Summers formerly of the Depart- 
ment of Anesthesia at Charity Hospital and presently in the Department of 
Anesthesia at Los Angeles Coimty Hospital for suggestions and recommen- 
dations in preparation of the manuscript. 



Preface to First Edition 


I N RECENT YEARS emphasis in postgraduate medical instruction has drifted 
towards the basic sciences concerned \vith the specialty pursued. Of all 
the fundamental sciences, chemistry has reflected itself most widely in medi- 
cine. In anesthesiology, chemistry plays a significant role. 

This book is an outgrowth of a leaching outline used by the ^vriter to 
present chemical data related to anesthesia to postgraduate students, resi- 
dents, and fellows in anesthesiology while he was an instructor at New York 
University College of Medicine and assistant visiting anesthetist at Bellevue 
Hospital, as well as in his present position at Louisiana State University and 
Charity Hospital. 

For the sake of convenience, this book is divided into three parts. Part I 
deals with inorganic phases of chemistry related to anesthesia. Part 11 in- 
cludes the organic chemistry which is essentially the chemistry of depressant 
drugs. Part III deals \rith the biochemical aspects of anesthesia and is de- 
voted to chemical changes in tissues induced by the administration of an- 
esthetic drugs to man and animals. Some overlapping occurs because the 
branches of chemistry are so interrelated that when applied to a medical 
science, such as anesthesiology, it becomes almost impossible to make abso- 
lute demarcations between the various subdivisions. 

Even though medical graduates are versed in elementary cliemistry, the 
Nvriter has frequently found it necessary to review briefly certain fundamen- 
tals to insure clear understanding of the subject matter. Therefore, in certain 
sections and in some discussions, brief reviews of fundamental facts pertain- 
ing to the particular subject have been included. 

Data are assembled from pertinent medical and chemical literature. The 
accepted clinical applications of chemistry to anesthesiology as practiced in 
the United States are stressed. The laboratory procedures and tests men- 
tioned are introduced only to present underlying principles and to demon- 
state the range of utility or of limitation of these principles. Techniques in 
most instances are purposely omitted inasmuch as they are of secondary 
importance for clinicians. This book is for the anesthesiologist and, therefore, 
subject matter that may be primarily of more special interest to chemists, 
pharmacologists, or research workers, may not necessarily be included. 

The bibliography includes general references, and, in addition, a supple- 
mental list of references which are the source of a new data and data not 
ordinarily available in textbooks or monographs. A glossary’ of special terms, 
tables, and other data is also provided. 

Tlie waiter is indebted to Dr. Bert B. Hershenson, Anesthetisl-in-Chief to 
the Boston Lyang-in Hospital, Boston, hfassachuselts; to Dr. D. II. Batten, 
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Director of the Department of Anesthesia, Methodist Hospital, Brooklyn, 
New York; to Dr. Chapman Reynolds, Assistant Professor of Pharmacology, 
Dr. William McCord, Associate Professor of Biochemistry, Dr. F. G. Brazda, 
Assistant Professor of Biochemistry, Dr, \V. K. Hall, Instructor of Biochem- 
istry, Dr. W. S. Wilde, Instructor of Physiology, at the School of Medicine, 
Louisiana Slate University, New Orleans, Louisiana; and to Dr. James C. 
Rice, Professor of Pharmacology, School of Medicine, University of Missis- 
sippi for numerous suggestions and crilicisms. 

The writer deeply appreciates the assistance of Dr. Edward B. Macon, 
attending anesthetist at the Children’s and Garfield Memorial Hospitals, 
Washington, D.C., for proofreading the manuscript. 


New Orleans 


John Adriani 
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OF 
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Part I 

INORGANIC CHEMISTRY RELATED 
TO ANESTHESIA 



Introduction 

I NORGANIC CHEMISTRY Concerned with anesthesia is chiefly the chemistry of 
inorganic gases and of carbon dioxide absorption. In a discussion of 
gases it is difficult to dissociate chemistry from physical behavior. Conse- 
quently, the physics of gases and vapors related to practical clinical anes- 
thesia are also included in this section. 
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CHAPTER 1 


Principles of Physics and Chemistry of Solids 
and Fluids Applicable to Anesthesiology 


INTRODUCTION 

T he anesthesiologist must have an 
understanding of the physics and 
chemistry of gases and vapors because 
they, together with devices for storing, 
measuring and using them, comprise a 
liberal share of his entire armamentar- 
ium. For this reason, fundamental physi- 
cal and chemical laws concerning gases 
and vapors \vill be reviewed briefly. 

MATTER AND ENERGY 
Matter is anything that occupies space 
and has mass. In the ordinary sense mat- 
ter can neither be created nor destroyed. 
It exists in three phases, gases, liquids 
and solids. Matter, in all its phases, is a 
granular structure composed of infin- 
itesimally invisible units referred to as 
molecules. Molecules are divisible into 
smaller units known as atoms. \Vhen a 
molecule of a substance is diWded it 
loses its identity. Atoms are the smallest 
units of elements. All substances are 
composed of one or more elements. Un- 
der ordinary circumstances an element 
may be defined as a substance whidi 
cannot be further subdivided. Until re- 
cent years subdiv'ision of an atom had 
not been accomplished. The fact that an 
atom can now be subdivided is well rec- 
ognized, Subdivision of an atom results 
in loss of identity of the element Certain 
large atoms are unstable and disinte- 


grate into smaller atoms of other ele- 
ments. Energy is released in the process. 
Radium disintegrates into lead and he- 
lium, during which process there is a re- 
lease of energy. This transmutation is a 
natural process which is not ordinarily 
accelerated or retarded. Artificial trans- 
mutation of elements is also possible. By 
the process known as fssion large atoms 
may be subdivided into atoms of lesser 
mass. Energy (atomic energy) is released 
in the process. Atoms of small mass may 
be made to combine to create elements 
of greater mass. This process is known as 
fusion. Hydrogen atoms may be made to 
combine to form helium. Energy is re- 
leased in the process also. 

Energy 

Mailer is always associated with en- 
ergy. Energy is the ability to do work. 
Like matter, energy can neither be cre- 
ated nor destroyed, if one speaks in the 
ordinary sense. However, mass and en- 
ergy are two forms of the identical thing. 
One can be converted info the other by 
complex physical processes. The sum of 
mass plus energy remains constant. En- 
ergy can be released from matter, as was 
postulated by Einstein, and has been 
demonstrated by the nuclear physicists. 
A small mass can be converted into a 
considerable amount of energ)% as can be 
seen by Einstein’s equation E = m c* in 
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which E equals energy and m equals 
mass. The constant c* is equivalent to the 
speed of light. A relatively small mass of 
matter is converted into a large amount 
of energy by fusion or fission. Fusion and 
fission are so difficult to accomplish that 
one may retain the concept that neither 
matter nor energy can be created nor 
destroyed when speaking in the ordinary 
sense. Energy exists in various forms. 
Energy is described as being potential 
when it is associated with space and 
kinetic when associated with motion. 
Light, heat, electricity and magnetism 
are forms of energy which can be trans- 
formed into kinetic or potential energy 
depending on circumstances. 

Atomic and Molecolah WriciiTs 
The atoms of an clement possess an 
average mass which corresponds to and 
is known as the otoniic weight of the ele- 
ment. In the case of o.xygen tlie value 
16 is assigned to tlie mass. The value as- 
signed to the average mass of other ele- 
ments is relative to the mass of the o.\y- 
gen atom. In the case of hydrogen it is 
1.008, in the case of nitrogen 14, and so 
on. The mass of a molecule is equal to 
the sum of the atomic weights of the 
atoms composing tlie molecule. The fig- 
ure assigned to the mass of a molecule is 
referred to as the molecular weight of 
tliat substance. The masses of molecules 
of various substances also are compared 
to tlie mass of the o.xygen atom as tlie 
standard. 

Atomic Structure 
In recent years much information has 
been added to the concepts of atomic 
structure. An atom consists of a minute 
nucleus composed of protons and neu- 
trons about which revolve electrons ar- 
ranged in a planetary fashion. The 
nucleus is positively charged since it 


contains positrons. The positron is a unit 
of positive electricity. The electron is a 
unit of negative electricity. The electron 
IS very light compared to the proton hav- 
ing a mass of 1/1845 of the mass of die 
hydrogen atom. Tlic proton has a mass 
equivalent to the numerical value of 1.0 
on the atomic scale or 1/16 of the weight 
of the oxygen atom. A neutron is a parti- 
cle of unit mass also having approx- 
imately the same weight as a proton but 
no electrical charge. In other words, it 
has no positron. The proton is considered 
by some to be a neutron plus a positron. 
Electrons are arranged in concentric 
rings or orbits around the nucleus. These 
rings, which are referred to as energy 
levels, arc at a great distance from the 
nucleus, comparatively speaking. The 
ring closest to the nucleus is labeled the 
K shell, the next tlie L, the next the M 
and so on. Tlie number of protons in the 
nucleus is knorvn as the atomic number. 
Tlie number of positive charges, or posi- 
trons, in the nucleus equals die negative 
charges in the orbit of electrons. The 
greater die number of protons in the 
nucleus, the larger tlie number of elec- 
trons necessary to achieve electric neu- 
trality and the greater the number of 
electron shells. Certain elements have 
h, M, N, O, P and Q shells or orbits. 
Tlie number of electrons in an atom, 
therefore, equals the number of pro- 
tons. Hydrogen has one proton in the 
nucleus and one electron in a single or- 
bit while oxygen has eight protons and 
eight electrons; therefore, the atomic 
number of bj'drogen is 1; that of oxygen 
is 8. The reactivity, that is the chemical 
properties of an element, depends upon 
tlie behavior of the electrons. In certain 
atoms the electrons in the outer ring or 
energy level, often referred to as tlie 
valence electrons, possess a certain in- 
stability. Tlie greatest stability is ob- 
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served when an element has eight dec- 
trons in the outer shell. Elements so 
constituted are inert chemically. Among 
these are helium, argon, neon, xenon and 
krypton. These are often referred to as 
the rare gases. Each of the shells in all 
elements has two electrons in the inner- 
most shell, eight or more electrons in the 
remaining shells except the outer one. 
The outer shell has less than eight in all 
elements, save in the case of the inert 
gases which are complete with eight. 
Helium is an exception, since it is com- 
plete wth two electrons in its outer shell. 
Elements whose outermost orbits con- 
tain three or less electrons tend to donate 
these to other atoms to achieve stability. 
These elements are metals. Elements 
which have five, six or seven electrons in 
their outermost orbits tend to take on or 
accept electrons from other elements 
willing to donate them in order to 
achieve stability. These elements are 
non-metals. Elements having four elec- 
trons tend neither to gain or lose elec- 
trons. They are referred to as ampho- 
teric. Instead of donating or accepting, 
they tend to share electrons with other 
elements. Carbon is the most important 
of this type. 

Chemical changes occur when elec- 
trons leave the orbit of one atom and 
are accepted into the orbit of another. 
The two atoms then are associated with 
each other and remain associated by this 
chemical bonding, often referred to as 
ionic or electrocalent bonding. In atoms 
which share electrons without accepting 
or donating them, the bonding is referred 
to as covalent. Covalent bonding may be 
polar or non-polar. If electrons are 
equidistant between the atoms constitut- 
ing the molecule it is called non-polar. If 
the shared electrons are closer to one 
atom tlian the other, so that part of one 
molecule is negative with respect to the 


other, the molecule is referred to as polar. 
Atoms which are capable of acquiring or 
donating a single electron, or are able 
to share a pair of electrons, are said to 
be univalent. Those which acquire or 
donate two electrons are bivalent, those 
which acquire or share three are iri- 
valent, and so on. Atoms which readily 
donate electrons have a positive valence; 
those which acquire them have a nega- 
tive valence. Thus sodium has one elec- 
tron in its outer orbit; chlorine has seven. 
When these two elements are brought 
together the electron of sodium passes 
to the orbit of the chlorine. The octet is 
completed and sodium chloride forms. 

Isotopes 

Atoms whose nuclei have the same 
number of protons in the nucleus, that 
is, the same atomic numb er and the same 
numbe r of electrons in their orbi ts, but 
whose masses are different are known as 
isotopes. The differences in atomic 
weights of isotopes are due to the addi- 
tional neutrons in the nucleus. The iso- 
topes of an element each possess similar 
chemical properties because the chemi- 
cal reactivity is due to the electrons and 
the arrangement of electrons remains 
the same. However, these properties are 
not identical in the strictest sense. The 
atomic number and planetary configiu-a- 
tions, that is the number of electrons in 
each isotope, are identical because the 
number of protons is identical. In the 
case of hydrogen, for example, three iso- 
topes exist which are designated as 
H*, and H*. H* is composed of one 
proton and one electron. It is the hydro- 
gen which is ordinarily encountered in 
substances which contain the element 
such as water, the hydrocarbons and so 
on. H* consists of one proton and one 
neutron in the nucleus and one electron 
in the orbit. It is known as deuterium or 
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heavy hydrogen. This atom has a mass 
of two. which has a mass of Uuree 
and is }cno\vn as tritium, has two neu- 
trons and one proton in the nucleus and 
one electron in the orbit. Tritium is also 
indicated by the symbol, H’. The figure 
preceding the symbol of an element in- 
dicates tlie number of protons; the one 
following it and placed above refers to 
the total nuclear mass. Thus, IH* indi- 
cates the atom H has one proton and 
a mass of 3. Oxygen, nitrogen and many 
otlrer elements exist as isotopes whose 
atoms are indistinguishable from each 
other in regards to chemical properties 
but differ in mass. The proportions of 
eacli of the isotopes in a naturally oc- 
curring element vary from element to 
element but are constant for a given ele- 
ment. An aggregate of atoms of an ele- 
ment possesses an average mass which is 
the assigned atomic weight of the ele- 
ment. Chlorine, for example, is a muilure 
of atoms whose relative weights range 
from approximately 35 to 37, but the 
average of the weights of the isotopes 
composing the element, in the propor- 
tions in which it occurs in nature, is 
33.46. Therefore, 35.46 is considered Uie 
atomic weight of chlorine. Many iso- 
topes have unstable nuclei which disin- 
tegrate into smaller, more stable atoms 
and release energy in the form of radio- 
activity. Certain radioactive substances 
are readily identifiable and are, there- 
fore, useful as tracers in the study of 
metabolic processes and the absorption 
and elimination of certain drugs. 

MOLECULAR MOTION 
Adhesion and Cohesion 
Molecules are in a state of incessant 
agitation and motion. Molecular motion 
increases as energy is added to a molec- 


ular aggregate and decreases as energy 
is removed. Molecules exhibit a force of 
mutual attraction. The closer they are to 
each other the greater this force. The 
force of attraction between lihe mole- 
cules is known as cohesion. Molecules of 
solids and liquids are held together by 
die forces of cohesion. The force is great- 
est in solids, less in liquids and least in 
gases. The attraction between molecules 
of unlike substances is knowm as adhe- 
sion. The molecules composing particles 
of clialk cling to a blackboard by adhe- 
sion. 

The intensity of the forces of cohesion 
is discernible by the state in which a 
substance exists. Thus hydrogen oxide 
exists as icc in the solid phase, in which 
the mutual attraction between the mole- 
cules is great; as water in the liquid 
phase, in which the cohesive forces are 
diminished, and as steam in the gaseous 
phase in which the attraction is consid- 
erably reduced. The forces of cohesion 
diminish as the intermolecular distance 
increases. This reduction in the cohesive 
force is accomplished by the application 
of energy, usually in die form of heat 
or some type of energy which is con- 
verted to heat. 

The forces of adhesion of one sub- 
stance may be greater than tiie forces of 
cohesion in another. ^Vhen these two 
substances are placed in contact witli 
each other the one with the lesser co- 
hesive force clings tenaciously to the one 
with the greater. When water is placed 
in a glass vessel the vessel becomes wet 
because the forces of adhesion of the 
molecules of tlie glass are greater than 
those of cohesion of the surface mole- 
cules of water. The meniscus of water in 
a capillary lube, therefore, is turned up- 
ward along the side of the tube because 
of this (Fig. 1.1), In the case of mercury, 
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the meniscus is turned downward be- 
cause the forces of cohesion of mercuiy 
are greater than those of adhesion of 
glass. Mercuiy does not wet glass. 

Composition of Gases 
Molecules of elements in the solid 
state are composed of single atoms. 
Molecules of elemental liquids and gases 
are composed of one or more atoms. 
Elemental gases, such as nitrogen, oxy- 
gen and hydrogen, are usually diatomic, 
that is, they contain two atoms in their 
molecules. Their formulae are expressed 
by the symbols Ns, Oa and Ha respec- 
tively. Helium, however, is monatomic 
and contains only one atom (He) while 
ozone is triatomic (Oi) and contains 
three atoms. The gaseous phase of sul- 
phur may be tetratomic (Si). Molecules 
of substances composed of more than 
one element, that is, the non-elementary 
substances, are referred to as polyatomic 
or heteroatomic. 

Heat and XEMPEiiATtmE 
Energy may be added to or removed 
from a molecular aggregate. A gain in 
energy is reflected in an increase of 
molecular activity; a loss in a decrease. 
This kind of molecular kinetic energy 
constitutes heat energy. Heat, therefore, 
is defined as the toted energy of the ran- 
dom motion of a molecular aggregate. 
One must differentiate between tem- 
perature and heat. The addition of heat 
to a body increases the agitation of mole- 
cules and causes the temperature to rise. 
The temperature of a molecular aggre- 
gate, therefore, may be defined as the 
average kinetic velocity of the mole- 
cules. Should this random motion cease 
completely the temperature referred to 
as absolute zero will have been attained. 
Absolute zero is discussed further on. 



Fic. l.I. Water dra^vn into a capillary tube. 
The meniscus (A) turns upward towards the 
wall of the tube because the force of adhesion 
of the molecules of glass is greater than the co- 
hesive force of the water molecules. (B) The 
meniscus of mercury turns downward and 
away from the wall of the tube because the 
force of cohesion of the mercury molecules is 
greater than the force of adhesion of the glass. 

Effects of >foLECULAR Motion 
When two molecules collide, energy, 
momentum, and mass are all conserved, 
since energy and matter are neither cre- 
ated nor destroyed. There is, however, a 
transferral of a certain amount of energy 
from one of the colliding molecules to 
the other. It is possible, in this manner, 
to transfer energy from an area where 
the molecules have much energy to one 
where there is less by a chain of colli- 
sions. A migration of molecules into 
space resulting from such collisions is 
referred to as diffusion. The transferral 
of energy from molecule to molecule ex- 
plains how heat is conducted through a 
substance, whether it he a gas, a liquid 
or a solid. Afomentum may be trans- 
ported from groups of molecules. The 
manner of transport of momentum from 
one contiguous layer of an aggregate of 
molecules to the next is the study of vis- 
cosity. Viscosity is discussed later on. 
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The speed with which molecules move 
at any given temperature is nearly the 
same regardless of the nature of the sub- 
stance, be it solid, liquid or a gas. Tlie 
molecules of a gas travel a greater dis- 
tance in a given direction when released 
into a vacuum than they do if released 
into a space containing another gas. 
There are fewer collisions between mole- 
cules in a given time in tlie former 
situation. All gases readily and uni- 
formly mix with each other by the proc- 
ess of diffusion. Many liquids do likewise 
but at a slower rate. Solids placed into 
intimate contact do so also, but, ob- 
viously, to an almost imperceptible ex- 
tent. 

Velocities of Molecules 
A chemically uniform gas consists of 
identical molecules which are in con- 
stant, chaotic and random motion. Each 
individual molecule has a different ve- 
locity at a given moment. An individual 
molecule may have one velocity when 
examined at one moment and a different 
one at another, but at a constant tempera- 
ture, a constant average velocity is assign- 
able to a group of molecules. The molec- 
ules in a gas behave like smooth elastic 
spheres. These spheres bounce from tlie 
stationary walls enclosing the gas, and 
from each other when they collide. 
Molecules of a gas, relatively speaking, 
are widely separated from each other 
when their intermolecular distances are 
compared to those of the molecules of 
solids and liquids. 

FoncEs Exerted by Molecules of 
Gases 

The force exerted upon the walls of a 
container confining a gas by the bom- 
bardment of the molecules is referred to 
as pressure. The more numerous and the 


more frequent the collisions with the 
wall, the greater the total force exerted 
upon the wall, and, therefore, the greater 
the pressure. The molecules of a gas may 
be brought closer together by reducing 
the size of the enclosure. A piston sliding 
into a cylindrical container forces the 
molecules into a smaller space as it is 
moved inward. This is referred to as 
compression. Expansion, the reverse ef- 
fect, which occurs as tlie piston is moved 
out, causes the molecules to occupy a 
greater space. In a highly rarefied gas, 
that is one wliich is at a low pressure 
and high temperature, the molecules are 
relatively few and far apart. They bounce 
from wall to wall of an enclosing space 
and collide with each other ratlicr infre- 
quently. 

Paths of Molecules in Motion 
Collisions between individual mole- 
cules of a gas are infrequent because 
they arc extremely small in diameter 
and tlie distance between them is rela- 
tively great. The movement of mole- 
cules, as they collide, is in a zig-zag patli. 
The length of a path traversed by a 
molecule between two collisions varies 
from molecule to molecule and from im- 
pact to impact. There is, however, an 
average distance traversed between two 
collisions for a given mass at a given 
temperature and pressure. This average 
distance traversed between two colli- 
sions is referred to as the wean free path. 
The radius of a molecule compared to 
the distance of the mean free path is 
so small that it is negligible. The dura- 
tion of a collision between two mole- 
cules likewise is negligible if a compari- 
son is made between the time interval 
necessary to traverse the distance be- 
tween the two collisions and the dura- 
tion of impact. The molecules of a highly 
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rarefied gas do not attract each other 
except during the brief period of en- 
counter during a collision. In other 
words, the forces of cohesion are non- 
existent or infinitesimal in a highly rare- 
fied gas. 

In a liquid the mean free path is much 
shorter than in a gas. The molecules are 
not free to move about at random as 
tliey are in a gas, due to the forces of 
cohesion. The molecules in a solid, even 
though they are in a fixed position, oscil- 
late in a vibratory fashion with little or 
no linear motion during tlieir activity. 

Addition of Energy to Molecular 
Aggregates 

^Vhen a gas is enclosed in a space 
whose volume may be varied by a mov- 
able piston, the molecules which strike 
the surface, as the piston moves inward, 
rebound with a higher velocity than 
they had before the force was applied. 
They, thus, acquire a higher kinetic 
energy from the force exerted on the pis- 
ton. As they gain kinetic energy they 
collide more frequently and with higher 
energy with other molecules, and, cause 
them, likewise, to rebound with a higher 
velocity and a higher kinetic energy. The 
kinetic energy gained by the molecules 
striking the piston, therefore, is distrib- 
uted among other molecules in the ag- 
gregate. The total kinetic energy of all 
the molecules in the enclosed space, 
therefore, is raised. This gain in velocity 
and in kinetic energy is manifested by 
an increase in temperature. The distribu- 
tion of the kinetic energy imparted by 
the piston, first to the contiguous mole- 
cules, and thence through the entire 
molecular aggregate, explains how ki- 
netic energy is transformed to heat and 
how heat is conducted through a sub- 
stance. The reverse occurs when the pis- 


ton is pushed out by an expanding gas. 
The expanding gas does work. The en- 
ergy is imparted to the piston, the veloc- 
ity of the molecules is decreased and the 
temperature falls. 

GAS LAWS 

Law of Pressures (Boyle’s Law) 
Wlien a certain number of molecules 
of a gas which are occupying a unit vol- 
ume, say for example one liter, are forced 
into an enclosure one-half this unit vol- 
ume witliout changing the average ve- 
locity, that is, without changing the 
temperature, twice as many molecules 
strike the walls of the confining space as 
originally. Since pressure is due to the 
bombardment of the walls of an enclos- 
ure by the molecules of a gas, the pres- 
sure, therefore, is doubled. Simultan- 
eously the volume is halved (Fig. 2.1). 
Forcing these same molecules into one- 
fourth the space causes four times as 
many bombardments upon the walls of 
the space. The pressure, therefore, is in- 
creased four times while the volume is 
reduced to one-fourth the original. On 
the other hand, if the volume is increased 
from one liter to two liters, half as many 
molecules occupy a unit space and the 
bombardments of the walls of the space 
are half as frequent. The pressure, there- 
fore, is one-half the original when the 
volume is doubled (Fig. 3.1). This, of 
course, holds true only if the tempera- 
ture is not permitted to change. These 
observations on relationships of volumes 
to pressures were formulated into a law 
by Robert Boyle, the English physicist 
in 1662. Boyle staled that the volume of 
a gas varies inversely as the pressure 
provided the temperature remains con- 
stant. The law further stales that the 
pressure of a gas (P) multiplied by its 



VOLUME 


14 


PRESSURE 










15 


Physics and Chemistry of Solids and Fluids 


volume (V) always equals a constant 
(K) for a fixed weight of a gas. Using 
symbols the law may be expressed as 
follows: PXV=^K. 

Real Gases and Ideal Gases 
As molecules of a chemically uniform 
gas are brought closer to each other a 
mutual attraction occurs which has al- 
ready been described as the force of co- 
hesion. It is assumed that in a highly 
rarefied gas, that is, one in which the 
molecules are extremely far apart, there 
is no attraction between the mole- 
cules. A gas assumed to exist under con- 
ditions in which there is no attraction 
between the molecules is referred to as 
an ideal gas. Actually, ideal gases do not 
exist. The forces of cohesion in rarefied 
gases are so small that they are difficult 
to measure and are considered neg- 
ligible. Boyle’s Law is derived for the so- 
called ideal gases. At low temperatures 
and high pressures the forces of cohe- 
sion become significant and allowances 
must be made for them in computations. 
Gases which exist under conditions in 
wliich the forces of cohesion are of sig- 
nificance are kno^vn as real gases. Real 
gases behave like ideal gases at low pres- 
sures and high temperatures because, 
under these circumstances, the inter- 
molecular distances are so great that the 
forces of cohesion become negligible. 
Van der Waals has modified Boyle’s Law 
so that the effects of cohesion are taken 
into consideration, van der Waals’ modi- 
fication of Boyle’s Law is discussed fur- 
ther on. 

Methods of Indicating Pressures 
As mentioned heretofore, pressure 
represents the force the molecules exert 
on a surface. The magnitude of this 
force may be measured and expressed m 
a number of ways. One may indicate the 


force in terms of the height to which a 
gas sustains a column of liquid, such as 
mercuiy or water, in an evacuated tube. 
This height is expressed in units of 
length, usually centimeters or inches of 
water or mercury. One may indicate 
pressure in terms of weight per unit 
area. Pounds per square inch or grams 
per square centimeter are the usual 
methods of expression. 

Atmospheric Pressure 

The molecules of the gases compos- 
ing the atmosphere exert a pressure on 
all earthly surfaces. In addition, the at- 
mosphere has weight. The molecules 
close to the surface of the earth are 
compressed by those above them. In 
small volumes of gases the compression 
due to the weight of the molecules is 
negligible and is ignored. The force 
which is the sum of the pressure and the 
weight of the molecules of the gases in 
the atmosphere is great enough to sustain 
a column of mercury to a height of 76 cm., 
or a column of water to a height of 32 feet 
in an evacuated vertical tube. One at- 
mosphere of pressure, therefore, is re- 
ferred to as a pressure of 76 cm. or 29.9 
inches mercury. If this force is expressed 
in weight per unit area, one atmosphere 
equals 14.7 pounds per square inch or 
1033 gm. per sq. cm. One normal atmos- 
phere of pressure, then, is equivalent to 
any of the four foregoing values. 

Tension 

In clinical anesthesia pressures of 
great magnitude are expressed in pounds 
per square inch or in atmospheres. Ten 
atmospheres, for example, is equivalent 
to 10 X 14.7 or 147.0 pounds per square 
inch. Gas pressures, particularly in physi- 
ology and pharmacology, are frequently 
referred to as tensions. They are ex- 
pressed in centimeters of water or milli- 
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meters of mercury because of their small 
magnitude. In clinical studies pressures 
of magnitudes less than those of the at- 
mosphere are referred to as negdtioe 
pressures; those which are greater than 
atmospheric pressure as posithc pres- 
sures. 

Van der Waals’ Modification of 
Boyee’s Law 

Since Boyle’s Law is applicable to 
ideal gases, it disregards two important 
factors: (1) the mutual attractions of the 
molecules (forces of cohesion) and (2) 
the volume occupied by the molecules 
of the gas. Boyle’s Law, therefore, is 
not applicable to real gases, that is, to 
gases at low temperatures and high pres- 
sures. A modification of Doyle’s Law ap- 
plicable to real gases was proposed by 
Van der Waals. The equation he pro- 
posed has a wider range of utility than 
Boyle’s. Boyle’s expression, pressure (P) 
times the volume (V) equals a constant, 
has been modified to read as follows: 
The pressure (P) to which is added the 
reduction in pressure due to the forces 
of cohesion (a/Vs) times the volume (V) 
from which is subtracted the volume 
occupied by the molecules of the gas (b) 
equals a constant. The volume of the 
molecules is represented by the letter b 
in tlie equation. The volume b cannot be 
reduced below a certain value regardless 
of the pressure because, if the pressure 
is applied to the point of liquefaction of 
the gas, the resulting liquid is incom- 
pressible. Tile quantity "b,” then, is a con- 
stant which varies with the amount and 
the nature of the gas. The mutual attrac- 
tion of the molecules tends to slow their 
motion as they approach the walls of the 
containing vessel. This force of mutual 
attraction, represented by the symbol 
“a” in the equation, therefore, tends to 
reduce the pressure. Owing to tlie in- 


ward pull of the molecules, any applied 
pressure “P” which is compressing a gas 
appears increased. Tliis inward pull, 
therefore, is added to the pressure. It 
has been shown e.xperimcntally and 
proved mathematically that the reduc- 
tion in pressure (a) is inversely propor- 
tional to the square of the volume of the 
gas. Its value in V'an der Waals’ expres- 
sion is represented by (a/V*). Van der 
Waals’ modification of Boyle’s Law, then, 
is expressed as follows: (V — b) X (P + 
a/V’) = K. This mutual attraction of 
molecules comes about by electrical 
forces. Like charges tend to repel and 
unlike charges tend to attract each otlier. 
The electrons of one molecule tend to 
repel those of another. Protons do like- 
wise. The electrons of one molecule be- 
come attracted to the protons of another 
and lend to draw the molecules together. 
These forces are often referred to as Van 
der Waals’ forces. In small molecules 
these forces are feeble because the elec- 
trons successfully repel each other. Light 
molecules, therefore, arc gaseous. In 
molecules composed of atoms with many 
protons and electrons these forces op- 
erate more effectively. These substances, 
therefore, are liquids or solids. The addi- 
tion of energy to a molecular aggregate 
increases the intermolecular distance and 
overcomes these forces and converts a 
solid into a liquid. The heat necessary 
to vaporize a substance represents the 
energy necessary to overcome Van der 
Waals’ forces. Van der Waals’ forces are 
important because they serve to explain 
binding of inert anestlietics to cell sur- 
faces (Chap. 10). 

Effects of Temperature on Volumes 
and Pressure: Charles’ and 
Gay Lussac’s Laws 

Heating a gas increases molecular mo- 
tion, and the gas expands and occupies 
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more space. Charles observed that this 
expansion is proportional to the rise in 
temperature if the pressure remains con- 
stant. Conversely, when a gas is cooled 
a shrinkage in volume and a reduction in 
speed of the molecules occurs which is 
also proportional to the temperature. A 
unit volume of gas at 0°C. contracts 
1/273 of its volume for each degree of 
cooling below 0°C. IVith progressii'e 
cooling at a constant value, ultimately a 
point is reached at which molecular mo* 
tion ceases. If cooling is accomplished at 
a constant pressure the gas has no vol- 
ume. In order to obtain cessation of 
molecular motion, the temperature must 
be reduced to 273® below 0®C, or to 
absolute 2 ero (0®A.). At this point, theo- 
retically, molecules should have no pres- 
sure and no volume. Obviously, it is 
impossible to reduce the volume to zero 
since the mass of a substance cannot 
vanish because matter can neither be 
created nor destroyed. Most gases lique- 
fy or are converted to solids long before 
that point is reached. Tlie law does not 
apply to the liquid and solid states of 
matter. Absolute zero, then, is simply an 
indication of the lowest temperature 
which can possibly be attained. The 
temperature has been approached with- 
in 0.005°C. In common parlance, one re- 
fers to — 273°C. ( — 459°F.) as absolute 
zero, but, more precisely, the figure is 
— 273.16°C. The thermometric scale at 
which this point of molecular inactivity is 
zero degrees ( — 273°C.) is kno^vn as the 
Kelvin or Absolute scale. Ice melts at 
273°A. on this scale. When the tempera- 
ture of a unit volume of gas at 0°C. is 
raised from 0° to 273°C., the expansion 
is in proportion to the temperature, that 
is 1 /273 unit per degree or one whole unit 
(Fig. 4.1). Tlie volume, therefore, is 
doubled if the pressure remains un- 
changed. Jaques Charles in 1787 formu- 


lated this observation into the law which 
bears his name. The law states that the 
volume of a gas, provided the pressure 
remains constant, is directly proportional 
to its absolute temperature (Fig. 5.1.). 
Later, in 1802, Gay-Lussac noted that if 
the volume occupied by a given number 
of molecules of a gas at 0°C. remains 
constant, but the temperature is varied, 
the pressure increases by 1/273 of the 
pressure at which it existed at 0°C. for 
each degree rise above 0°C. Likewise, 
cooling causes a reduction of pressure by 
1/273 of the pressure at 0°C. He also ex- 
pressed these observations into a law 
which bears his name. Gay-Lussac’s Law 
states that if the volume of a gas remains 
constant the pressure varies directly with 
the absolute temperature. The coefficient 
of cubical expansion of a gas is 1/273 or 
0.003667 of a unit volume if the pressure 
remains constant. 

Standard Conditions 
In order that all pertinent data con- 
cerning a gas be available it is neces- 
sary to know its pressure, its temperature 
and its volume. Ordinarily in scientific 
work volumes of gases are expressed at 
76 cms. Hg pressure and 0°C. These 
conditions are referred to as standard 
conditions. Sometimes the expression 
N.T.P. is used to indicate standard con- 
dition, which means normal temperature 
and pressure. 

Avogadro’s Law and 

Avogadro’s Number 
Avogadro reasoned that equal vol- 
umes of gases, even though they are 
chemically dissimilar and have different 
densities, at identical pressures and tem- 
peratures, have the same number of 
molecules. Since each gas is at the 
same temperature, their molecules must 
possess the same velocity, and, since 
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pressure is due to the total change in 
momentum of tlie molecules bouncing 
from tlie walls of the vessels, the num- 
ber of molecules in each vessel must be 
the same. Avogadro, therefore, postu- 
lated the principle known as Aoogadro's 
Law which states that equal volumes of 
gases under the same conditions of pres^ 
sure and temperature contain the same 
number of molecules. 

Gram Molecular Wniciix 
AND Volume 

At standard conditions one liter of 
oxygen weighs 1.429 grams, one liter of 
hydrogen weighs 0.089 grams. Tlie mo- 
lecular weight of a substance expressed 
in grams is referred to as the gram 
molocuhr weight. The term mole is used 
to indicate the same quantity. Experi- 


mentally, it has been found that a gram 
molecular weight of a gas, say for ex- 
ample oxygen, that is 32 grams, meas- 
ured at standard conditions occupies 22,4 
liters. Inasmuch as one gram molecular 
weight of oxygen weighs 32 grams and 
one liter of oxygen weighs 1.429 grams, 
the volume occupied by a mole of oxy- 
gen is computed by dividing 32 by 1.429. 
Tlie resulting volume, 22.4 liters, is 
known as the gram molecular volume of 
oxygen. In the same manner the gram 
molecular volume may be computed for 
hydrogen and for any other gas if its 
weight per liter and its molecular weight 
arc knowm. It has been determined ex- 
perimentally and mathematically that, 
irrespective of the gas, the resulting vol- 
ume, namely 22.4 liters, is the same for 
all gases. This volume is known as the 



Fig. 4.1. Charles’ Law. The volume of an ideal gas varies directly as the absolute 
temperature provided the pressure remains constant. 
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Fig. 5.1. Gay Lussac’s Law. The pressure of a gas varies directly as the absolute 
temperature provided the volume remains constant. 


molal volume or gram molecular volume. 
A gram molecular weight of a solid or 
liquid, if converted into its gaseous phase 
would, likewise, at standard conditions, 
occupy 22.4 liters. A gram molecular 
weight of ether vapor (74 grams) would 
occupy 22.4 liters at standard conditions. 
A gram molecular weight of water (18 
gm;) if vaporized, and its volume ex- 
pressed at standard conditions, occupies 
22.4 liters. A gram molecular weight of 
a solid would likewise occupy 22.4 liters 
if it were vaporized. 

A gram molecular weight, or a mole of 
any gas, at standard conditions, irrespec- 
tive of the nature of the gas and the 
mass of the molecules, contains the same 
number of molecules and occupies the 
same space. This number of molecules, 
often called Avogadro’s number, at 


standard conditions is 6.02 X 10” per 
gram molecular weight. The number of 
molecules at standard conditions per 
cubic centimeter of an ideal gas is known 
as LoschmidFs number (2.63 X lO^znoIe- 
cules). 

The General Gas Law 
Inasmuch as pressure, volume and the 
number of molecules in a fixed quantity 
of gas are interrelated, a combination of 
Boyle’s, Charles’ and Avogadro’s Laws 
has been formulated into what is known 
as the General Gas Law. It is expressed 
as follows: PV = nRT. P is the pressure, 
V the volume, n the number of molecules 
and R is a constant of a given numerical 
value which is the same for all gases 
which approach ideal behavior. Its nu- 
merical value depends upon the units 
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used for pressure, volume and tempera- 
ture. Tlius, for one mole of a gas at 0*C. 
(273'’A.) at one atmosphere the volume 
occupied is one gram molecular volume 
(22.4 liters). One atmosphere X 22.4 
liters = 1 mole X R X 273“A. R, tliere- 
fore, equals 0.08205. 

When one of the conditions of a gas 
changes one may compute the new pres- 
sure, temperature or volume, whichever 
it may be which has changed, by using 
the expression PV/T = P‘VVTi. The 
pressure of the gas multiplied by the 
volume divided by the absolute tem- 
perature equals the new pressure multi- 
plied by the new volume divided by the 
new temperature expressed as absolute 
temperature. If any five of the values in 
the equation are known the sixth may be 
computed. 

Density and Specific CnANTrv 

The weight of a given volume of a gas 
or a vapor may be expressed in a number 
of different ways. The weight of a liter 
of a gas or a vapor at standard condi- 
tions is known as its density. In the case 
of solids and liquids, density is based 
upon the weight of a cubic centimeter of 
the substance at O^C. The density of a 
gas may be computed by dividing its 
molecular weight by the gram molecular 
volume (22.4 liters). Tlie density is then 
expressed in grams per liter at 0®C. and 
760 ram Hg. 

In clinical practice, however, it is 
common to designate liquids, gases and 
vapors in terms of specific gravity. In 
the case of gases, specific gravity is the 
weight of a imit volume of the gas com- 
pared to the weight of an equivalent 
volume of dry air under identical condi- 
tions of temperature and pressure. Tire 
value for the weight of air is taken as 
unity (1). Chloroform vapor, for ex- 


ample, at 20'’C. is four times heavier 
than air. The specific gravity of chloro- 
form, then, (air= 1) is 4. Another meth- 
od of computing specific gravity is to 
divide the molecular weight of a gas by 
the molecular weight of air (28.87). Tlie 
resulting value is the specific gravity ex- 
pressed at 0° and 760 mm Hg (Fig. 6.1). 
The pressure and temperature of the gas 
at the time the determination was made 
must be indicated when e.\pressing the 
weight of a gas in terms of specific 
gravity. In the case of solids and liquids, 
specific gravity is determined by com- 
paring the weight of a unit volume of a 
substance with that of an equivalent 
volume of water and indicating the tem- 
perature at which the observation was 
made. 

DiTFtisioN OF Gases 
\Vlien a gas or a vapor is liberated into 
a space, the molecules quickly become 
distributed throughout the space until 
they completely fill it. They e.xert a pres- 
sure of equal magnitude on all parts of 
the wall limiting the space. If two jars, 
one containing oxygen and another con- 
taining nitrogen, are placed mouth to 
mouth, the o.xygen will diffuse into the 
nitrogen and the nitrogen into the oxy- 
gen. Botli will be uniformly distributed in 
each of the jars within a few minutes 
(Fig. 7.1). This process of equalization of 
a molecular concentration of a gas is 
known as diffusion. The rate of diffusion 
depends upon the molecular weight of 
the substance and its temperature. Tlie 
rate of diffusion, as one would expect, 
increases as the temperature increases. 
Had the jars contained not only oxygen 
and nitrogen, but cyclopropane and car- 
bon dioxide respectively the same uni- 
formity of composition would have re- 
sulted. Thorough mixing always occurs 
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Fig. 6.1. The specific gravify of gases and vapors ordinarily used in anesthesi- 
ology. The comparison has been made \vith air at the same temperature and 
pressure (25*0.-760 mm. Hg). 


SO that the composition ultimately is 
uniform throughout The importance of 
the phenomenon of diffusion in biologi- 
cal studies and in anesthesia is obvious. 
Mixing of gases would not occur were 
it not for diffusion. Obviously, diffusion 
is due to the ceaseless, chaotic motions of 
molecules. 

Graham’s Laiv 

The rate at which the molecules of a 
particular gas diffuse into space de- 
pends on the mass of the molecule. Tlic 
heavier the molecule, the slower ft dif- 
fuses (Fig. 8.1). The manner in which 
gases diffuse was studied by Graham 
who formulated his obser\’ations into a 
law which bears bis name. He observed 
that the rate of diffusion of one gas com- 
pared to another varies inversely as the 
square roots of their molecular toeights. 


The comparison must be made under 
identical circumstances and when each 
of the gases is at the same pressure and 



A B 

Fic. 7.1. Diffusion of gases. (A) Two jars sep- 
arated by a glass slide. The upper one con- 
tains nitrogen, the lower orygen. (B) The glass 
slide is removed. The molecules of each gas 
diffuse into the other until the concentration is 
unifonn throughout. 
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temperature. Graham’s Law may be 
illustrated by comparing the rate of dif- 
fusion of hydrogen with tliat of axygen. 
The hydrogen molecule, whose molecu- 
lar weight is 2. has 1/16 the mass of the 
oxygen molecule whose molecular weight 
is 32 (32-5-2). Tlierefore, the relative 
rates of diffusion of tliese two gases will 
be Hi/ 02= V16/V1 or 4:1. The hydro- 
gen molecule, therefore, diffuses through 
a pore four times faster than an oxygen 
molecule under comparable circum- 
stances. The law of diffusion has numer- 
ous applications in anesthesiology. 

Partial Pressures (Dalton’s Law) 
The total pressure exerted by a mix- 
ture of gases equals the arithmetical sum 
of the individual pressures exerted by 
each of the constituents of the mixture. 
This observation was made by Dalton. 
In a mixture composed of 25*? cyclopro- 
pane, (by volume) 25!? oxygen and 50J 
nitrogen which exerts a pressure of 760 
mm. Hg (one atmosphere) the pressure 


exerted by the cyclopropane would be 
35% of 76 or 190 mm Hg; the pressure 
exerted by oxygen, likewise, would be 
190 mm Hg, and that of nitrogen 50!? of 
760 or 380 mm. Hg. Tlie individual pres- 
sures of each gas in a mixture of gases 
are Tcferred to as partial pressures. This 
expression of the behavior of a mixture 
of gases is referred to as Dalton’s Law 
of partial pressures. Tlie law is expressed 
by ibc equation P = Pi -j- Ps -f- Ps. Dal- 
ton’s Law has constant application in 
anesthesiology. 

PnESSURE Gradients 

A gas always diffuses from an area of 
higher concentration or pressure to one 
of a lower pressure, TliJs differential in 
pressure, known as the pressure gradi- 
ent, is an important factor in biological 
studies. The rale of diffusion is propor- 
tional to the difference in partial pres- 
sure (Kick’s Law). 

\VIien two or more mixtures of gases 
of varying composition, which have 
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Fic. 8.1. Grahams Law The rate of diffusion of a gas passing through a fine 
opening of a porous membrane compared to another varies inversely as the 
square roots of their molecular weights at similar temperatures and pressures. 
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identical total pressures, are permitted to 
intermingle freely, the individual gases 
in the mixture diffuse from the areas of 
higher partial pressures to the areas of 
lower pressures (Fig. 9.1). Ultimately, 
the partial pressure of each gas wll be 
the same throughout the entire mixture. 
If one of the gases is removed at a con- 
stant rate in the area of lower pressure 
and the supply at the area of higher pres- 
sure is inexhaustible, a constant flow of 
gases occurs. Such a situation exists be- 
tween the gases in the atmosphere and 
those in the tissues. Tlie interchange is 
through the medium of the blood. In the 
tissues, for example, carbon dioxide ex- 
erts a pressure of 80 mm. Hg, oxygen 
zero, nitrogen 633 mm. Hg and water 
vapor 47 mm. Hg. The sum total of the 
pressures of the gases in the tissues, in- 
cluding nitrogen, oxygen and water 
vapor is that of the atmosphere 760 mm. 
Hg. The carbon dioxide, whose tension in 
the tissues may be as high as 80 mm. 
Hg, diffuses into the blood where its ten- 
sion is 46 mm. Hg, thence to the alveolar 
air where its tension if 40 mm. Hg and 
thence into the atmosphere where its ten- 
sion is approximately zero. In this manner 
carbon dioxide diffuses outward from the 
tissues to the atmosphere. On the other 
hand, oxygen exerts a pressure of 152 mm. 
Hg in the atmosphere. In the tissues the 
tension is approximately zero. Tljerefore, 
the diffusion of oxygen is from the outside 
air to the alveoli, where the tension is 105 
mm. Hg, to the blood, where it is 100 
mm. Hg, and thence into the tissues 
(5-0 mm. Hg), The exchange, obviously, 
is augmented by respiratory movements. 
In the absence of respiratory movements, 
the exchange continues, but of course, it 
is not adequate to sustain life. The ex- 
change which is purely physical in the 
absence of respiratory movements, is 
called diffusion respiration. If pure oxy- 
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Fig. 9.1. The pressure gradient. A gas diffuses 
from a region of higher pressure to one of 
Jovverpressure, The carbon dioxide tension In the 
tissues is much greater than that in blood, (b) 
That in blood greater than that of alveolar air 
and that in the alveolar air is greater than that 
in atmospheric air. The gas, therefore, diffuses 
outward from tissues to the lips. The oxygen 
tension in the tissues is nearly zero, (a) In the 
atmosphere it is 152 mm. Hg. The pressure 
differential thus favors the diffusion of ox)’gen 
inward. 

gen is supplied instead of air, oxygena- 
tion is improved. 

Flow Rate and Diffusion 
One must distinguish behveen the flow 
rate of a fluid (liquid or gas) being pro- 
pelled through an orifice or a tube and 
diffusion through a pore. Flow rate re- 
fers to the bulk migration of molecules. 
Some force propells a mass of the fluid. 
Flow rate is dependent upon the density 
of the fluid. Diffusion, on the other hand, 
is concerned with the rale of migration of 
molecules. Diffusion is dependent upon 
the weight of the molecules of the fluid. 
Diffusion results from the kinetic action 
of the molecules. If water and alcohol 
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are driven through an orifice of compa- 
rable size by forces of the same magni- 
tude, the alcohol, which is less dense 
(S.G. 0.78), flows faster than the water 
(S.G. 1.0). The flow rate is inversely pro- 
portional to the density of the fluid. Dif- 
fusion of individual molecules, however, 
is according to Graham’s Law. Since the 
molecular weight of water is 18 and that 
of alcohol 56, molecules of water would 
diffuse more rapidly than those of al- 
cohol. 

Diffusion of Liquids and Soltos 
Diffusion is not confined solely to 
gases. When two miscible liquids are 
placed in contact with each other in the 
same vessel without agitation (alcohol 
and water, for example) their molecules 
diffuse in the same manner as do those 
of gases but at a much slower rale. 
Hours, days and with some liquids, even 
weeks may elapse before the molecules 
of the liquids are uniformly distributed 
throughout the vessel. Diffusion of mole- 
cules of one solid into another, when the 
two are closely in contact with each 
other, has been demonstrated. For prac- 
tical purposes, however, diffusion of sol- 
ids may 6e disregarded. A gas placed m 
contact W’ith a liquid diffuses into the 
liquid. Molecules of the liquid also es- 
cape into the gas. Tliis phenomenon will 
be described in more detail subse- 
quently. 

Diffusion through Membranes 
One must distinguish between the dif- 
fusion due to efflux through a pore or to 
intermixing of several gases which are 
free to mingle and the diffusion through 
membranes. Membranes are of two 
types, living and inert. Diffusion through 
living membranes occurs in biological 
processes. In the living membrane fac- 
tors such as the solubility of the gas in 


the constituents of the membrane, the 
thickness of the membrane, the permea- 
bility and the viscosity of the membrane 
play a role, Tlie membrane is largely a 
film of w'ater. The rate of diffusion is not 
only inversely proportional to the square 
root of the molecular weight of the gas 
but also directly proportional to the solu- 
bility of tlie gas in water. The passage of 
gases through inert membranes, such as 
those composed of rubber and plastic, is 
described in subsequent chapters. 

Cooling Due to Expansion of Gases 
(Joule-Thomson Effect) 

Wlien a gas, particularly one which 
has been compressed strongly, is released 
into a vacuum the molecules recede from 
each other and lose kinetic energy be- 
cause they move against the forces of 
mutual allraclion (cohesion). Thus they 
lose speed. This loss of speed is mani- 
fested by a fall in temperature. Obvious- 
ly, an ideal gas does not manifest this 
decrease in temperature as it expands 
into a vacuum, since there Is no attrac- 
tion between the molecules and loss of 
energy is not involved in the expansion. 
The decrease in temperature is noted 
onfy when real gases are affowecT to e.x- 
pand freely. The loss of heat for air is 
0.051 calories per gram per atmosphere 
of drop. For hydrogen it is 0.08. This 
phenomenon of decrease of temperature 
as a real gas e.xpands freely into a space 
is known as the Joule-Thomson effect. It 
was named after the two physicists who 
first observed it. It is also referred to as 
the Joule-Kelvin effect. Should a com- 
pressed gas e.xpand into a space occu- 
pied by another gas instead of into a 
vacuum, say for example, should oxygen 
under high pressure in a cylinder be re- 
leased into the atmosphere, which is at a 
much lower pressure, an additional fall 
in temperature besides the one caused 
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Fig. 10.1. The Joule-Thomson Effect (also known as the Joule-Kelvin Effect). 
A gas under pressure (Pj) in chamber A escapes through the narrow orifice B 
to chamber C where the pressure (Pj) is less. A loss of velocity of the molecules 
passing the orifice occurs due to the fact that more particles are pulling tlie 
escaping particles backward than fonvard. This loss in velocity corresponds to 
a faU in temperature. Gases under high pressure at a low temperature show a 
pronounced cooling in this arrangement. 


by die expansiou of the oxygen into 
space is observed. This additional de- 
crease in temperature is due to the work 
done by the expanding gas pushing 
against the molecules of air which are oc- 
cupying the space (Fig. 10.1). 

The Joule-Thomson effect is noted 
when a compressed gas is released quick- 
ly from a storage cylinder into the air. 
The moisture in the atmosphere con- 
denses on the cylinder valve which be- 
comes cold as the gas passes through the 
Orifice to the outside. Should the main 
cylinder valve on an oxygen cylinder be 
opened momentarily (cracked) to permit 
a blast of gas to issue from the orifice 
into the air a mist is noted in the path of 
the expanding gas. This mist is caused 
by condensation of the wafer vapor in 
the atmosphere adjacent to the fast mov- 
ing stream of cooled gas. The Joule- 
Thomson principle is utilized in refrigera- 
tion and in the manufacture of a lique- 
fiable gas, such as o:i^'gen. In the Linde 
air machine compressed air (Chap. 4) is 


permitted to re-expand along coils lead- 
ing to the intake manifold of the air 
compressor. The incoming air is progres- 
sively cooled by the expanding air until 
it attains the temperature at which it 
may be liquefied by pressure. 

Adiabatic Compression and Expansion 
(Poisson's Law) 

A gas in a container which is isolated 
thermally from its environment becomes 
warmer when compressed and cools if 
it expands. Such volume changes of a 
gas which occur under conditions in 
which heat is neither lost to nor gained 
from its environment are termed adiaba- 
tic changes. Thus, the term adiabatic 
compression indicates that the compres- 
sion has occurred without any transfer of 
energy to the environment and vice 
versa. Adiabatic expansion indicates no 
heat has been supph'ed from the environ- 
ment. Situations in which there is no 
heat transfer are possible when the ma- 
terial composing the container is an ex- 
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tremely poor conductor of heat or wlien 
pressure changes occur almost instan- 
taneously. While it is theoretically pos- 
sible to liave no energy transfer, in acUial 
practice situations in which there is ab- 
solutely no heat exchange do not exist 
Extremely high temperatures may de- 
velop during almost instantaneous com- 
pressions of even small volumes of 
gases. 

Situations in which adiabatic com- 
pression and expansion may occur are of 
utmost interest to the anesthesiologist. 
They are encountered particularly when 
dealing with highly compressed gases. 
When the main cylinder valve of a gas 
at a high pressure, for example, oxygen, 
IS opened the gas passes into the delivery 
tube between tbe main cylinder valve 
and tbe diaphragm of a pressure gauge. 
Almost instantaneous recompression of 
the gas occurs in this space. The pres- 
sure in this space, small as it is, rises from 
atmospheric to approximately 2000 lbs. 
per square inch in a fraction of a second. 
There is no time for dissipation of the 
heat resulting from this recompression 
and the temperature, therefore, rises ab- 
ruptly. Temperatures as high as 1000®C. 
have been recorded under such circum- 
stances (Fig. 11.1). Particles of dust, 
grease and other combustible substances 
present in the tubing may be ignited and 
cause what is often termed a “flash fire.” 

High temperatuies may be generated 
when empty cylinders of relatively low 
capacity are transfilled from larger cyl- 
inders containing gases at high pres- 
sures. The rapid recompression of the 
gas in the small cylinder may cause the 
temperature to rise above the ignition 
temperature of combustible anesthetics. 
The inadvertent mixing of oxygen at high 
pressures with a combustible anesthetic 
gas, such as ethylene or cyclopropane, in 


incompletely evacuated cylinders may 
cause fires in these cylinders. The gas 
may become ignited in the cylinder at 
the high temperature wliich develops 
during rccompression of the oxygen. 
Hupturc of the body of the cylinder may 
also be possible due to the unequal e.x- 
pansion between its inner and outer por- 
tions. 

Isothermal Processes 

An ideal gas, that is, a gas existing at 
a low pressure and high temperature rig- 
idly obeys Boyle’s Law. If permitted to 
e.xpand or if compressed in such a man- 
ner that its temperature remains con- 
stant, the pressure varies inversely as the 
volume. When the pressure volume re- 
lationship is plotted graphically the re- 
sulting curve is a hyperbola. Such a 
curve is refened to as an isothermal (also 
isotherm). An isotliermal may be plotted 
for a particular gas for every possible 
temperature (Fig. 12.1). There is one iso- 
thermal possible for each gas at each tem- 
perature, no two of which are alike. Tlie 
term isothermal indicates timt the change 
in volume is being accomplished without 
altering the temperature. In order to 
maintain a constant temperature, during 
the compression or expansion, energy 
must either be added or removed from 
tbe molecular aggregate. An isothermal 
process, therefore, differs from an adia- 
batic process in that in the former heat 
is added to the system during e.xpansion 
or removed during compression, while 
in the latter there is no transfer of 
energy. 

Solubility of Gases (Henry’s Law) 

The molecules of a gas overlying the 
surface of a liquid penetrate into the 
liquid and intermingle with the mole- 
cules of the liquid. The gas is then said 
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■lo dissolve in iiie Yiquid. ‘Eventuaiiy, an 
equilibrium is established between the 
dissolved gas in the liquid and the un- 
dissolved portion overlying the b'quid. 
As many molecules pass into the liquid 
as pass out of it to the overlying atmos- 
phere. Tlie molecules within the liquid 
exert the same pressure, often referred 
to as tension, as they exert in the gas 
overlying the liquid. The molecules of 
the solvent do not interfere with the free- 
dom of movement of the molecules of 
the gas. Thus, the tensions of the gas 
within and without the liquid are identi- 
cal, 'When the number of molecules, or 
in other w’ords the pressure of a gas over- 


lying the Yiquid is increased, additionai 
molecules pass into the liquid. The ten- 
sion within the liquid is increased and 
eventually an equilibrium is re-estab- 
lished between the gas in the liquid and 
that overlying the liquid. Should the pres- 
sure of the gas overlying the liquid be 
reduced, molecules of the gas escape 
from the liquid until the tensions over, 
and within the liquid, are equal and 
equilibrium is re-established. It is ob- 
\ious, then, that the solubility of a gas in 
a liquid depends upon the pressure of 
the gas overljdng the liquid (Fig. 13.1). 

If tlie atmosphere overlying the liquid 
is composed of a mixture of several gases, 
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Fic. 12.1. Isothermab obtained by plotting the pressure>volume relationships of an 
ideal gas at various temperatures. A different isothermal exists for a particular gas at 
each given possible temperature. 

each gas dissolves in the liquid in pro- 
portion to its partial pressure. The total 
pressure of the molecules in the liquid 
equals the total pressure of the g.as over- 
lying the liquid. Eacli gas dissolves in 
the liquid independently of the other 
gases and in direct proportion to its orvn 
particular partial pressure (Fig. 14.1). 

These observations concerning solu- 
bility of gases in liquids were observed 
and formulated into a law by William 
Henry in 1803.. The law which bears his 
name states that if the temperature re- 
mains constant the quantity of a gas, that 
is, the ioial numher of molecules, tohich 
dissolves in a liquid varies directly as the 
pressure of the gas overlying the liquid. 

Thus if 10^ of a gas, by volume, in an 
inhaled mixture causes 10 milligrams of 
a gas to dissolve in the plasma, 20% 


causes 20 milligrams, 30^ causes 30 and 
so on, provided, of course, that the total 
pressure of all the gases in the lungs re- 
mains the same. 

The volume of a gas which dissolves in 
a liquid remains constant at a given tem- 
perature. The pressure-volume relation- 
ships are in accordance with Boyle’s Law. 
Thus, it can be said that the volume of a 
gas tohich dissolves in a liquid at a given 
temperature is independent of the pres- 
sure. This may be explained by the fol- 
lowing illustration: Assume that, under 
standard conditions, one cubic centi- 
meter of a certain gas contains one mil- 
lion molecules and that tliis volume dis- 
solves in a unit volume of a liquid. If the 
pressure is doubled, two million mole- 
cules dissolve in that imit volume of h'q- 
uid, but at the doubled pressure two 
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Fic. 13.1. Henry's Law. The 
solubUity of a non-reacting 
gas in a liquid varies di- 
rectly as the pressure, pro- 
vided the temperature re- 
mains constant. The volume 
of a gas which dissolves in a 
liquid is independent of the 
pressure, provided the tem- 
perature remains constant. 
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million molecules still continue to oc- three million molecules still occupy the 
cupy the one unit volume. If the pres- same unit volume. The volume will al- 
sure is tripled three million molecules ways be one cubic centimeter for a given 
dissolve, but at three times the pressure gas in a given liquid at a given tempera- 


Fig. 14.1. The amount of a 
particular gas in a mixture of 
gases which dissolves in a 
liquid is directly proportional 
to the partial pressure of that 
gas. The amount which dis- 
solves is independent of 
other gases. 
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ture irrespective of tJje pressure if the 
number of molecules is varied in pro- 
portion to the pressure. 

The actual amount of gas which dis- 
solves in a liquid varies uath the chemi- 
cal nature of the particular gas and the 
solvent. Henr)’’s Law applies to gases 
which do not combine chemican)' with 
the solvent to form new compounds. The 
Law is applicable to the solution of ox>'- 
gen, helium, nitrogen, nitrous oxide, 
ethylene, cyclopropane and other non- 
reactive gases in water or other liquids. 
Carbon dioxide combines with water to 
form carbonic acid. More carbon di- 
oxide dissolves in water than can be ac- 
counted for by Henry’s Law. The carbon 
dioxide combines with water to a limited 
e.xtent, however. As soon as the solvent 
is saturated with carbonic acid, tlie re- 
maining gns dissolves in the solvent as 
free carbon dioxide and obeys Henry’s 
Law. 

Gases dissolve in oils, alcohol, ether 
and other liquids. Tlie solubility of a gas 
varies for different liquids. Nonetheless, 
if no interaction occurs between a sol- 
vent and a gas, Henr)'’s Law^ is appli- 
cable to liquids other than water. 

Tensions Exerted dy Cases Dissolx’Ed 
IN A Liquid 

Water equilibrated wth oxygen at 
760 mm. Hg pressure and O^C. absorbs 
4.9 ml. of the gas per 100 ml. Oil equi- 
librated with oxygen at the same pres- 
sure and temperature absorbs much 
more of the gas. In either case, the ten- 
sion of the gas in each solvent is the 
same, 760 mm. Hg. MTien a liquid, satu- 
rated with a gas at a given tension, is 
placed in contact with another liquid 
which is immiscible witiv the Erst, for ex- 
ample oil and water, a partition of the 
gas takes place behveen the two liquids. 


The amount partitioned between two 
liquids varies with the nature of the 
liquids and the gas. Should this diphasic 
system be converted to one which is 
triphasic by placing the w'ater overlaid 
by oil into a container so that the oil 
phase only comes into contact with a gas 
(when an equilibrium is established) the 
tension c.xcrted by the molecules of the 
gas is the same in all three phases (Fig. 
15.1). When the pressure of the gas is 
reduced the equilibrium is disrupted 
and molecules of the gaseous substance 
pass from the water into the oil and 
from the oil outward into the gaseous 
pliase. If the pressure is increased they 



Fic. 15.1. The diagrammatic representation of 
the equiiibnum which is attained when a gas 
overlies an oil phase which in turn ox'erlies a 
water phase. The gas dissolved in the oil is 
in equiLbnum with the gas dissolved in water. 
At equilibrium the tension exerted by the mole- 
cules of the gas is the same in all three phases. 
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pass into the oil and into the water until 
equilibrium is re-established. The pas- 
sage of gases into intracellular fluids, to 
a certain extent, occurs in this manner. 

If the gas overlying a liquid is a mix- 
ture of several gases, say for example, 
cyclopropane, oxygen and nitrogen, and 
the tension of one in the gaseous phase 
is reduced, say cyclopropane, the cyclo- 
propane in the oil diffuses outwards until 
equilibrium is re-established. If the total 
pressure is kept constant, say by the ad- 
dition of nitrogen to offset the decrease 
in tension of the cyclopropane, the nitro- 
gen increases in concentration in the 
liquid phase until an equilibrium for 
nitrogen is re-established. Nitrogen re- 
places the cyclopropane in the liquid. 
This same principle is applicable to pa- 
tients who are being anesthetized. The 
anesthetic gases or vapors displace 
nitrogen in the blood and tissues during 
induction and are replaced by it during 
recovery. 

Application of Henry’s Law is seen 
daily when gases and vapors are inhaled 
by patients. The partition of the gas 
between blood, tissue fluids and between 
the alveoli and blood is in accordance 
wtVi Henry’ s Law. 

Absorption and Solubustv 
Coefficients 

The volume of a gas dissolved in a 
unit volume of a liquid at one atmos- 
phere pressure (760 mm. Hg) at the tem- 
perature of the experiment reduced to 
0°C. and 760 mm. Hg expressed as a 
numerical value is called the Bunsen ab- 
sorption coefficient for that particular gas 
in that given liquid. This absorption co- 
efficient, named after Bunsen, who intro- 
duced it, is designated by the Greek let- 
ter a (alpha). The Bunsen absorption co- 
efficient for oxygen is 0.049, Since 4.9 


volumes of oxygen dissolve in 100 vol- 
umes of water 0®C. and 76 mm, Hg, 
0.049 cc. dissolve in 1 cc. The Interna- 
tional Critical Tables, and various hand 
books on physics and chemistry, list 
values for absorption coefficients of com- 
mon gases dissolved in various solvents. 
Tliere are several coefficients to express 
solubility in liquids. Another expression, 
the solubility coefficient refers to the 
volume of gas reduced to 0°C. and 760 
mm. Hg which dissolves in one volume of 
the solvent at the temperature of the 
experiment when the partial pressure of 
the gas is equal to 760 mm. Hg minus the 
vapor pressure of the solvent. The 
Kuenen absorption coefficient (8) refers 
to the volume of gas at a partial pres- 
sure of 760 mm. Hg dissolved at the con- 
ditions of the experiment by a quantity 
of solution containing one gram of sol- 
vent. The Raoult absorption coefficient 
refers to the number of grams of gas 
dissolved in 100 ml. of solvent at the 
temperature of the experiment when the 
partial pressure of the gas is 760 mm. Hg. 

Another expression used to designate 
solubility of gases in fluids is tlie Ostwald 
solttbilUy coefficient indicated by the 
letter X (lambda). This refers to the ratio 
of the volume of a gas absorbed to the 
volume of solvent at the temperature and 
pressure of the experiment. The volume 
and temperature are not reduced to 
standard conditions but remain at those 
of the experiment. The vapor pressure of 
the liquid is taken into consideration in 
computations. When a gas is shaken 
with a liquid at atmospheric pressure, 
the total pressure of that gas is not 
equal to the external or atmospheric 
pressure. Instead, it is the pressure equiv- 
alent to the atmospheric pressure 
minus the vapor pressure of the solvent. 
If air is shaken with water in a closed 
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bottJe at 20°C. the pressure exerted hy 
the air is 76 cms. Hg. From this is sub- 
tracted 1.75 cms. Hg (the vapor pres- 
sure oi water). The piessuie of avt is, 
thus, 74.25 cms. Hg instead of 76 cms. 
Tire volume of air which dissolves in a 
unit volume of water expressed at these 
conditions is the solubility coefRcienl 
at 74.25 cms. Hg at 20*C. Tire Ostwald 
solubility coefficient is used in biological 
and physiological studies because values 
for solubility of gases are expressed at 
the conditions of the experiment. 

More important yet is the distribution 
coefficient. Tliis is the ratio of the solu- 
bility coefficient of one gas in fluid phase 
A to the solubility coefficient in another 
fluid designated as B when an equilib- 
rium exists between both solutions and 
the gas. This is also known as the parti- 
tion coefficient. The Ostwald solubility 
coefficient is not the same as the distribu- 
tion coefficient, even though it is often 
designated as such. 

Effect of Temperature on 
SolttbiliUj of Gases 

Less of a gas dissolves in a solvent as 
the temperature rises. The air bubbles 
which appear inside a vessel >vhen water 
is heated are evidence of decreased solu- 
bility of air in water at the higher tem- 
perature. Anesthetic gases are less sol- 
uble in blood and water at body tem- 
perature (37.5'’C.) than at room tempera- 
ture (25°C.). Less gas dissolves in the 
blood of a patient who has a higli fever 
than in that of one who has a normal body 
temperature. During hypothermia more 
gases dissolve in blood than at normal 
body temperature. 

Dissolved Substances and Cas Solubility 
Dissolved substances such as carbohy- 
drates, proteins, electrolytes, salts and 


other compounds reduce the solubility 
of gases in liquids. For this reason the 
solubility coefficients of gases in body 
fluids, such as lymph, plasma ot blood, 
even though tliese fluids are chiefly water 
which contains dissolved electrolytes and 
organic substances, are less than they 
arc in pure water. Exactly why dissolved 
substances reduce solubility is not com- 
pletely understood. The depression in 
solubility is not strictly proportional to 
the concentration of the solute. It is 
relatively greater in dilute solutions. The 
solubility of a gas in aqueous solutions 
of various substances may not differ 
greatly from that in pure water if it dis- 
solves in pure %vater according to 
Henry's Law, In a solution composed of 
substances besides molecules of the sol- 
vent, such as a saline solution, the solu- 
bility varies with changes in pressure in 
accordance with Henry’s Law, provided 
there is no chemical union behveen the 
gas and the substances which are dis- 
solved in the liquid. 

LiQUEFACnON OF Cases 
\Vlien molecules of a gas are forced 
closely together by compression the 
kinetic energy of the force pushing them 
logetlier is transmitted to the molecules. 
The gas molecules, then, move faster. 
Tlierefore, not only do a greater number 
collide with the walls of the confining 
space, which is undergoing a reduction 
in volume, but they do so with greater 
force due to the increased x’elocity. The 
cohesive forces assume greater activity 
since the intermolecular distances are 
decreased. As more and more molecules 
are forced into the space, the cohesive 
force increases to the point that the gas 
liquefies. In some gases, the molecular 
motion is so violent that the molecules 
never come close enough to each other 
for liquefaction to occur. The gas does 
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not liquefy unless molecular activity is 
decreased by removing energy by cool- 
ing. After cooling, pressure then does 
cause liquefaction. A temperature exists 
for each gas above which liquefaction 
cannot occur irrespective of the magni- 
tude of the applied pressure. This tem- 
perature is known as the critical tem- 
perature. The pressure necessary to 
cause liquefaction at the critical tem- 
perature is known as the critical pres- 
sure. The weight of a unit volume of a 
substance at the critical temperature 
and pressure is called the critical den- 
sity. This is expressed as do. The volume 
occupied by a gram mole at the critical 
temperature and pressure expressed as 
milliliters per gram mole is known as the 
critical volume. This is expressed by the 
symbol vo. Pressures of less magnitude 
than the critical pressure will not liquefy 
a gas irrespective of the degree of cool- 
ing. Helium must be cooled to an e.x- 
tremely low temperature (— 268.9‘’C.) 
before it is liquefied by pressure. The 
pressure required for liquefaction at this 
temperature is comparatively small, 
however, being 2.2 atmospheres. Further 
cooling of a liquefied gas causes soh'difi- 
cation. Ideal gases are more difficult to 
compress at high temperatures than real 
gases. Real gases are more compressible 
than ideal gases at moderate or loxv 
temperatures. 

FLUIDS 

Nature of Flutos 

Fluids are substances which are capa- 
ble of flowing. Flow is a motion through 
a constraint which is accompanied by a 
defonnation of the fluid. Fluids are 
either liquids which have no definite 
shape, but have size, or they are gases 
which have neither definite shape nor 
size. Solids may flow if powdered, al- 
though they do so with difficulty. A 


liquid takes the shape of the part of the 
container with which it is in contact. 
Liquids assume the shape of the con- 
tainer but do not necessarily fill the 
space offered them. Gases spontaneously 
expand into a space offered them, no 
matter how large the space may be. 
This is done by the process of diffusion. 
Liquids are so slightly compressible, 
that, from a practical standpoint, they 
may be considered non-compressible. A 
relatively large compressive force ap- 
plied to a Hquid causes a slight or neg- 
ligible diminution in volume. 

Flow of Fluids Timoucn 
Tubes akd Orifices 

Fluids pass through tubes and ori- 
fices. One must differentiate between a 
tube and an orifice because a fluid be- 
haves in one w’ay when it passes through 
a tube and in anotlier when it passes 
through an orifice. A tube may be de- 
fined as a pathway through which a fhild 
may pass, the diameter of which is con- 
siderably less than the length. An ori- 
fice, on the other hand, is an opening 
throitgh which a fluid may pass, the 
diameter of which is considerably 
greater than the length (Fig. 16.1). The 
ideal orifice has a negligible length. An 
efflux of a fluid occurs through an orifice 
when there is a pressure difference on 
either side of the orifice. The flow, ob- 
viously, is from the area of the higher to 
the one of lower pressure. The rate of 
flow of a gas through an orifice varies 
inversely as the square root of tlie density 
of the gas. Thus, hydrogen which is 1/16 
as dense as oxygen flows through an 
oriBcc 4 times faster than oxygen. Fluids, 
likewise, flow through a tube of uni- 
form diameter from a region of higher 
pressure to one of lower pressure and 
continue to flow until the pressure is 
equal at both ends. The rate of flow 



34 


J Chcmlslrtj and PJtijtics of Anesthesia 


Fig. 16.1. The difference between 
an orifice and a tube. An ideal ori- 
fice (A) is an opening which has 
width but no length and which 
- permits pass.age of a fluid. A tube (B) 

has length. The diameter of the 
O passage is less than the length. An 

orifice merely has perimeter. 


A 


through a tube does not depend upon 
density, however. This is discussed later. 

STEADTt Flow of a Flu» 

When the velocity of a fluid flowing 
through Q tube has a Axed magnitude 
and a fixed direction at every point 
througliout the mass of the fluid, (he 
fluid is said to liave a steady fow. The 
velocity does not cliange at a given 
point with the lapse of time. Tlio ve- 
locity may, liowever, be different at dif- 
ferent points. 

The Law of CoNxiNumr 

Idealistically speaking, in a unit lime 
the volume of an incompressible fluid 
which is propelled by a force through a 
tube of varying cross-sectional diameter, 
if friction is disregarded, is the same at 
each of the cross-sections of the lube. 
The velocity, however, varies with the 
cross-section of the tube, and is, obvi- 
ously, greatest at the constricted portion 
of the tube. The volume flowing at each 
variation in cross-section is proportional 
to the cross-sectional area times the ve- 
locity. The ratio of the velocity at any 
two cross-sections is equal to the inverse 
ratio of the cross-sectional areas. In 


other words, if the area is reduced by 
one-half at a certain point, the velocity 
is doubled at that point. The quantity of 
flow times the velocity, tlien, is a con- 
stant at all portions of the tube provided 
friction is disregarded. This constancy 
of flow of a fluid, without loss of energy, 
through a tube of varying cross-sectional 
area is known as the law of continuity. 

LAMlNAn AND TunDVLENT FlOW 
As a fluid streams through a tube at a 
steady flow, the molecules composing it 
move along in an orderly fashion in 
patlis parallel to the walls of the tube. 
Such an orderly movement of molecules 
is referred to as a laminar flow. When 
the paths of the molecules are not paral- 
lel to the walls of the tube, but, instead, 
are haphazard and at angles to the 
walls of the tube, tlie flow is then de- 
scribed as turbulent (Fig. 17.1). The dif- 
ference between a turbulent flow and a 
laminar flow is of utmost interest to the 
anesthesiologist. More energy is re- 
quired to drive a fluid through a tube 
liaving a turbulent flow than one wliich 
has a laminar flow. Laminar flows are or- 
derly and occur at low velocities. Tur- 
bulent flows are disorderly and are asso- 
ciated with high velocities. If the paths 
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Fig. 17.1. In a laminar flow of a fluid the molecules move in an orderly fashion in paths 
parallel to the wall of the tube (A). When the flow is turbulent the paths of the molecules 
are haphazard and at various angles to the walls of the passage^vay (B). 


taken by molecules in a laminar flotv tion are greater than in the wider por- 
could be visualized they would appear tion. 
as lines parallel to the wall of the tube. 

In a turbulent flow, since there is no uni- Resistancx to Flow of Fluids 
formity of movement, the paths would Realistically speaking, irrespective of 
appear irregular and disorganized. The whether or not a flow is laminar or tur- 
flow of a fluid through an orifice is tur- bulent, more energy is necessary to force 
bulent. The term eddy currents is often a fluid through a lube than is accounted 
used to describe the disorganized paths for by the law of continuity. This addi- 
taken by fluids. These are noted particu- lional energy is utilized to overcome 
larly in turbulent flows. Tlie orderly friction. A decline in pressure occurs as a 
paths of molecules in a laminar flow are fluid flows through a tube. This decline 
referred to as stream lines. If the cross- in pressure is proportional to the rate of 
section of a tube is varied by interposing flow, if the flow is laminar. If the flow is 
a constriction berisuen the rivo ends, the furbaient, the dech’ne in pressure rs 
stream lines, if they could be visualized, much greater. In most cases it is equal 
would appear closer together in the con- to the square of the rate of flow. A criti- 
stricted portion than they would in the cal fow rate exists for a given diameter 
wider portions (Fig. 18.1). The velocities of a tube for a given fluid at a given tem- 
of the molecules in the constricted por- perature. When the flow rale of a fluid in 

Fic. 18.1. The streamlines in a 
tube of varying cross-sectional 
areas are closer together and move 
more rapidly at the constricted 
than at the wider areas. If the dis- 
tance transversed by a molecule in 
a unit of time could he visualized, it 
would be less at the wder portion 
than at the constricted. The mole- 
cules would be closer together. 
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Fic. 19.1. (A) A fluid being forced 
through a tube with a unit of pres- 
sure exerted over a unit of time 
causes a laminar flow. 






B 


(B) Tl'c flow rate is doubled and 
exceeds the critical flow rate con- 
verting the flow from laminar to 
turbulent. 


(C) The rliameter is reduced by Ji, 
the pressure and time are the same. 
The flow becomes turbulent. 


a particular tube e.xceeds this critical 
flow rate, the flow is no longer laminar, 
but becomes turbulent (Fig. 19.1). The 
critical flow rate varies directly as the 
diameter of the tube. Tlie narrower tlie 
tube, the less the flow rale necessary to 
convert a flow from a laminar to a turbu* 
lent one, The wider the tube, the greater 
the volume of fluid which may be dis- 
charged through it in a unit of time be- 
fore a laminar ficnv is converted to a tur- 
bulent one. 

TunBtJi.nNT Flow and Resistancc 
In anestliesia practice the decline in 
pressure which results when a gas flows 
through a tube is termed resistance. In 
order to maintain the flow at a constant 
rate in the face of resistance additional 
energy must be supplied. This additional 
effort required to overcome the imped- 
ance to a flow of fluid is called friclion 
head. Greater respiratory efforts are 
made to overcome resistance and to 
maintain an unvarying minute volume 
exchange. The most common cause of re- 
sistance is nanowing of the airway. The 
less the diameter of a tube and aperture 
through wliich a patient breathes, the 


greater the effort necessary to maintain 
adequate gaseous c.xchange. Tlie in- 
creased effort causes an increase in nega- 
tive pressure in the pleural space which 
compensates for the added resistance 
and maintains an adequate ventilatory 
exchange. The blood oxygen and carbon 
dioxide tensions may be normal when 
resistance to respiration is present, but 
this may be misleading because such 
data do not rerv’eal the fact that addi- 
tional ventilator)' effort is being made. 
Not only is more effort required on in- 
spiration, but also, effort must be made 
during expiration to completely evacu- 
ate the lungs to overcome this resistance. 
Ordinarily, eicpiration is passive. 

Changing the direction of flow by an- 
gulation of a tube, introducing valves 
and baffles, and the use of other devices 
whicli disrupt and scatter the stream 
lines may convert a flow from laminar to 
turbulent. When a flow which is laminar 
is changed from a h’near one to a right 
angled one it becomes turbulent at the 
angle (Fig. 20.1). Beyond the angulation 
if the path continues again in a linear di- 
rection, with no change in diameter of 
the tube, the flow gradually reverts to a 
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laminar one once more. If the flow is di- 
verted by a curved elbow instead of a 
right angled piece, it still becomes tur- 
bulent, but to a lesser degree. It is obvi- 
ous, then, that if there is to be minimal 
resistance in anesthesia and inhalation 
therapy appliances, the apertures and 
tubes must be of the widest possible di- 
ameter and all tubes must be as straight 
as possible to permit flows to change di- 
rection gradually. Local regions of tur- 
bulence are created at constrictions, an- 
gulations and at all points in which a 
fluid in motion deviates from a straight 
line pathway. 

Bernoulli’s Theorem 
A unit volume of a friclionless, ideal, 
compressible fluid moving with a steady 
flow through a tube has a constant total 
energy. When a fluid flows through a 
tube of varying cross-sectional diame- 
ter, the velocities of various segments of 
fluid, as is postulated by the law of con- 
tinuity, are greatest where the diameters 
are least. Likewise, it follows that pres- 
sures are least at the points of greatest 
constriction. Manometers placed at the 
most constricted and at widest portion 
of such a tube demonstrate th/s. The 
mathematical relationships of the total 


energies involved in such flows have 
been summarized by Bernoulli in his the- 
orem. The reader is referred to textbooks 
of physics for the derivation of this theo- 
rem. In essence Bernoulli’s theorem 
states that the pressure of a fluid flowing 
through a tube of varying cross-sectional 
diameters is least at the point of greatest 
constriction and the speed is greatest at 
this point, and that at the widest portion 
the pressure is greatest and that the speed 
is least. There are numerous applications 
of this principle in anesthesiology. 

At subsonic speeds compression of 
gases is disregarded when considering 
flow of fluids. Bernoulli’s Theorem of in- 
terchangeability of velocity head and 
static head is utilized. This permits the 
emplo)'ment of the principle of continu- 
ity. The product of the cross-sectional 
area of flow and the velocity is a con- 
stant at all points taken by a finite quan- 
tity of fluid. This is represented by the 
equation A (area) X V (velocity) = K. 

Tire PraxcreuE of the Ventum Tube 

Under ideal circumstances, as a fluid 
passes through a constricted portion of a 
tube to an area distal to the constriction 
where the diameter reverts to the origi- 
nal value proximal to the constriction. 


Fig. 20.1. Distortion of the path- 
way of a fluid converts the flow 
rate from laminar to turbulent In a 
right angled distortion flow rate 
becomes turbulent at the angle and 
continues as a laminar flow when 
the pathway becomes linear. If the 
tube is cur\’ed the flow still be- 
comes turbulent but to a lesser de- 
gree. 
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Fic. 21 . 1 . The lateral pressure exerted by 
a fluid passing through a tube of varj’ing 
diameter is greatest in the widest area 
where speed is least. Pressure is least at 
narrowest portion where speed is great- 
est. Tlie pressure of an ideal fluid in an 
ideal frictionless tube reverts to the ori- 
ginal pressure in the downstream por- 
tion of the tube beyond the constriction 
as tire diameter is restored to its original 
value. 


the pressure and the velocity likewise re- 
vert to the original values existing in the 
proximal portion (Fig. 21.1). Venturi 
noted that in actual practice, however, 
the pressure is not restored to the origi- 
nal value if the constriction flares out 
abruptly to the original diameter. How- 
ever, if the tube widens out gradually 
from the point of constriction, in a cone 
like manner, at an angle not exceeding 
15®, the velocity and pressure will revert 
to near the original values (Fig. 22.1). 
Venturi utilized this principle, as well as 
the principle enunciated by Bernoulli, in 
the design of a device known as the Ven- 
turi tube. The Venturi tube consists of a 
constricted tube in which calibrated 


manometers are placed at the constric- 
tion and the down stream dilated por- 
tions respectively (Fig. 23.1). The Ven- 
turi tube may be used to measure the 
volumes and rate of flow of fluids. By 
noting the differences in pressure at 
each point it is possible to compute the 
quantity of fluid delivered in a unit of 
time through a tube. 

Uses of the 'V^enturi Principi.e 
By driving a fluid through a con- 
stricted portion of a Venturi tube at a 
high velocity and allowing the constric- 
tion to gradually widen out in a conical 
fashion, it is possible to develop a pres- 
sure at the constriction which is sub- 


Fic. 22.1. The pressure flistal to 
the constriction is less than in the 
proximal portion if the diameter 
reverts to the original abruptly. 
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Fig. 23.1, Gradual restoration to 
the diameter proximal to the con- 
striction results in restoration of 
the pressure to the original pres- 
sure of the injection. 



atmospheric. By placing a sidearm at 
right angles at the point of greatest con- 
striction, where the pressure is least and 
where it becomes subatmospheric, an- 
other fluid may be drawm inward and 
mixed with the fluid being driven 
through the main tube (Fig. 24.1), Such 
a device is knotvn as an injector. A mul- 
titude of devices used in medicine em- 
body the principle of the injector. The 
fluid flowing through the tube, known as 
the driving fluid, may be a liquid or a 
gas. The fluid aspirated through the side- 
arm, likewise, may be either a liquid or 
a gas. \Vhen the aspirated fluid is a liquid 
and the propelled fluid is a gas, the par- 
ticles of liquid strike the stream of gas. 
The gas is at a high velocity. The liquid, 
therefore, is subdivided into small par- 
ticles, If the particles are of a low mircon 
size a mist forms. Atomizers and nebuliz- 
ers operate in this manner. Aspirators 
ordinarily found on resuscitators and cer- 
tain models of anesthesia apparatus op- 
erate in this manner. Tliey are driven by 
compressed air or from the high pressure 


oxygen supply. The propelled and aspi- 
rated fluids in an injector may both be 
liquids, as in the water suction, or they 
may both be gases as they are in the 
mechanism which causes the negative 
pressure phase of mechanical resuscitat- 
ing units of the “blow and suck” tjpe. 
The injector on the oxygen therapy me- 
ter masks allows air to be dra\vn into the 
meter and mixed with oxj'gen. This de- 
vice is also based on the Venturi prin- 
ciple (Figs. 25.1, 26.1). 

The ratio of aspirated fluid to pro- 
pelled fluid remains constant even 
though the volume of propelled fluids is 
varied provided the orifices through 
which the propelling fluid flows in the 
main tube and sidearm in the aspirating 
tube remain of constant cross-sectional 
area. Thus, if a unit volume of fluid, say 
for example one b’ter, is forced through 
the main tube of an injector and draws 
into the aspirating sidearm, say 1/10 of 
a liter of fluid, the ratio is 10:1. If the 
volume forced through the main tube is 
doubled (20 liters), then the aspirated 



Fig. 24.1. A fluid driven through a 
constriction in a tube at a high 
flow rate (A) creates a sub-atmos- 
pheric pressure at this point A 
sidearm (B) placed at this point al- 
lows another fluid to be drawn into 
the driving fluid and be mixed 
xvith it. The injector is constnicted 
on this principle. 
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Fig. 25.1. Cross section of injector 
used for oxygen therapy. Oxygen 
is forced under pressure through 
the nozzle whidi creates a neg- 
ative pressure and draws air 
through opening (A). Mixture of 
oxygen and air is delivered through 
outlet (C) to mash. Proportion of 
air is varied by adjusting size of 
openings rotating on dish. iTiis is ac- 
complished by constructing the 
face of the meter as a rotating disk 
ssitb perforations of diilerent sizes 
(inset D). 



Fig. 26.1. The injector used for mixing air \vith oxygen 
lor inhalatioD therapy. 


41 


Physics and Chemistry of Solids and Fluids 


volume is doubled (2/10 liters). If the 
flow is tripled the aspirated quantity is 
tripled also. The mixture issuing from 
the throat, then, maintains a constant 
percentage composition irrespective of 
the flow rate of the propelling fluid. The 
constancy persists regardless of the vol- 
ume of the fluid passing through the 
main tube provided the aspirated fluid is 
supplied in unlimited quantities without 
impedance. 

Viscosity of Fluids 

If transparent tubes are placed verti- 
cally at the entrance and exit of a hori- 
zontal tube through which a non-com- 
pressible, frictionless, fluid is flowing the 
fluid rises in these tubes in proportion to 
the lateral pressure exerted on the wall 
of the horizontal tube. Theoretically the 
levels are identical in both tubes; actu- 
ally, however, the level in the tube at 
the point of exit is less than in the one at 
the point of entrance (Fig. 27.1). A portion 
of the energy possessed by the molecules 
in the fluid is converted from kinetic to 
some other form, and is utilized for a 
purpose other than propelling the fluid. 
The fluid level in interv’ening additional 
tubes placed between these two declines 
progressively along the length of the 
tube. The energy lost by the moving 
fluid is used to overcome friction. This 
friction arises from two sources. One 
portion is caused by the contact of the 
molecules of the fluid with the surface of 
the tube; the other is due to internal 
friction, that is, friction of the molecules 
within the fluid. All fluids exhibit a cer- 
tain degree of internal friction. The term 
viscosity is used to designate this inter- 
nal friction of a fluid. When a fluid 
moves through a tube of uniform diame- 
ter the velocity of the molecules is not 
uniform throughout its mass. If the mol- 


ecules could be visualized, those adja- 
cent to and in immediate contact with 
the wall, a single layer, would appear to 
be at Mmplete rest. Tlie next layer 
moves, but sluggishly. The next moves 
more rapidly. As the center of the tube 
is approached, the molecules in each 
layer move with greater velocity, the 
molecules in the center moving the fast- 
est. The for\vard advance of a row of 
molecules extending along the diameter 
of the tube would be represented by a 
parabolic curve (Fig. 28.1). 

Poiseuille’s Law 

The volume of a fluid discharged 
through a tube varies with (1) the length 
of the tube, (2) the diameter of the tube, 
(3) the decline in pressure as the fluid is 
propelled along the tube, and (4) the 
viscosity of the fluid. A French physi- 
cian, Poiseuifle, studied the relationships 
of these factors to the volume of fluid 
discharge and summarized them in a 
mathematical expression known as Poi- 
seuille's Law. The law states that the 
volume (q) of a fluid discharged through 
a lube of uniform diameter is equal to 
n rt di\ided by eight times the coefB- 
cienl of viscosity (t;) multiplied by the 
pressure difference (Ap) from one end of 
the tube to the other divided by the 
length of the tube (L). The equation 
n r* Ap 

would thus be written: q = ■ 

8 t; L 

The xulume of discharge, as can be 
seen in the equation, is inversely propor- 
tional to the length of the tube and di- 
rectly proportional to the fourth power 
of the radius of the lube. TIius, if the 
length of a tube is doubled, the volume 
of fluid discharged is halved if all other 
factors are constant. In order to maintain 
a constant volume of discharge the force 
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or pressure propelling a fluid tlirough 
the tube must be, at least, doubled. 
Wiren a tube has a radius of one centi- 
meter, and this radius is reduced to one- 
half centimeter the volume discharged 
per unit time is Vm of the original since 
it is a function of the fourth power of the 


radius— (‘/^)‘=(Vio). A decrease of the ra- 
dius to one-third of a centimeter reduces 
the flow to (ij)* or Hi of the original dis- 
charge {Fig. 29.1). Thus, if a constant 
discharge is to be maintained, the pro- 
pelling force must be increased 16 times 
in a tube having a Vi centimeter radius 





Fig. 27.1. Diagram illustrating friction bead. A non-compressible frictionless fluid rises 
m proportion to the lateral pressure exerted on the wall of a horizontal tube. If the 
horizontal tube is sealed at one end the pressure will rise equally in all tubes (2). If 
friction is entirely eliminated there will be no lateral pressure and the fluid rises in 
none of the tubes (3) The fluid level in inten’eniiig tubes dechnes progressively along the 
length of tlie tube due to the loss of energy used to overcome friction (1). 
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Fig. 28.1. The forward advance of 
a TOW of molecules of fluids ex- 
tending along the diameter of a 
tube is represented by a parabolic 
curve. The molecules move through 
the tube in layers. 7?ie molecules 
in each layer move with greater 
velocity as the center of the tube 
is approached. Those in the center 
move the fastest. 



and 81 times in a tube having a Ja centi- 
meter radius over that of one having a one 
centimeter radius. Obviously, decreasing 
the diameter of a tube, particularly one of 
fine bore, even slightly, causes a Consider- 
able reduction in flow rale. The impor- 
tance of having apertures as wide as pos- 
sible in canisters, masks and fittings of in- 
halers is obvious. A decrease in diameter 
of several millimeters in a cuffnd endo- 
tracheal catheter introduces consider- 
able resistance which necessitates an in- 
crease in respiratory effort if adequate 
ventilation is to be maintained. 

Poiseuille’s Law applies to laminar 
flows in tubes of large diameter only 
and does not explain volume discharges 
of fluids having turbulent flows, Poise- 
uille’s Law applies to both gases and 
liquids. Fluidity is the reciprocal of vis- 
cosity. 

Degree of Viscosity 

Viscosity must be determined experi- 
mentally for a given fluid; it cannot be 
computed mathematically. A shearing 
movement takes place as the vadatis lay- 
ers of molecules pass one another in the 
direction of discharge. The internal fric- 
tion of the fluid opposes the displace- 
ment of these layers. This friction Is in- 
dicated in terms of the force required to 
move one plane surface past anotlier 
when the space in between the two sur- 


faces is occupied by the liquid being 
studied. 

Viscosity may be absolute or relative. 
Absolute viscosity is expressed in terms 
of the actual force required to overcome 
internal friction. Relative (or specific) 
viscosity, on the other hand, is a com- 
parison of the viscosity of one fluid with 
that of another under identical circum- 
stances. The unit of absolute viscosity is 
called the poise, named after Poiseuille. 
The unit is the tangential stress required, 
per unit area, to produce a difference of 
velocity of flow between two parallel 
layers of a fluid a unit distance apart at 
a given temperature. The unit of viscos- 
ity (or poise) is equivalent to a force of 
one dyne per sec. per cm.* when the two 
layers are one cm. apart. The dyne is the 
quantity of force which accelerates a 
mass of one gram one centimeter per sec- 
ond per second. The poise expresses a 
quantity of force of far greater magnitude 
than is ordinarily encountered in over- 
coming internal friction of most fluids. 
Therefore, viscosity is expressed by 
smallerun/ts known as the cenfapoise and 
the millipoise. The centapoise is 1/100 of 
a poise; the millipoise 1/1000 of a poise; 
and the micropoise 1 /1,000,000 of a poise. 
Ordinarily viscosity is expressed in terms 
of relative viscosity, that is, the viscosity 
of the liquid is compared to that of wa- 
ter at 20°C. The v-iscosity of water at 
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1/2 U. 



1 I 1/81 U. 

Tig. 29.1. The \oluine dlicharge o! a Ouid 
through a tube of varying diameter varies in- 
versely as the fourth power of the radius, all 
other factors remaining constant. 

this temperature is designated as unity 
or 1.0. 

In the assay o£ drugs, the mode of ex- 
pressing viscosity differs somewhat from 
that used for precise scientific work. In- 
stead of indicating viscosity in poises the 
kinematic scale is used. Tlie kinematic 
viscosity is the absolute viscosity at a 
given temperature divided by the density 
of the fluid at that temperature. In other 
words, it is the ratio of viscosity to den- 
sity. In the kinematic scale the units are 
called sfofccs or centastokes. The U.S.P. 
designates viscosity of drugs in terms of 
stokes. 


An instrument known as a viscosime- 
ter^ devised by Ostwald, is used to deter- 
mine viscosity. The viscosimeter consists 
of a capillary tube and a bulb attached 
to the capillary tube (Fig. 30.1). The 
fluid to be studied is drawn into the bulb 
and then allowed to pass down the capil- 
lary lube. Tlie time required for a meas- 
ured volume of the liquid to flow 
ihrou^j the tube, at a given regulated 
temperature, is compared to the time re- 
quired for the same volume of water to 
flow the same distance. Other types of 
viscosimeters are available, many of 
which arc patterned after the one de- 
scribetl by Ostwald. 

The measurement of the viscosity of 
gases and vapors requires special ap- 
paratus. The viscosity of a gas or vapor 
may be determined by forcing a gas 
througli a tube under constant pressure. 
In one type of apparatus a short column 
of mercury is allowed to fall through a 


Fig. 30.1. The vis- 
cosimeter. The fluid 
to be tested is 
placed in bulb (A) 
and drawn as far as 
point (B). The time 
required for the 
fluid to pass from 
(B) to (C) IS then 
determined and 
compared with that 
required for a refer- 
ence fluid to pass 
the same distance. 

A 
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glass tube between two points. The fall- 
ing mercury drives the gas through the 
capillaiy' tube under constant pressure. 
The time required for the mercury to fall 
the distance between the two points is 
used to compute the absolute viscosity. 
More frequently air is used as a refer- 
ence gas and the relative viscosity is de- 
termined. Certain gases are more xns- 
cous than others, a fact of importance in 
determining the rate of effusion through 
a tube. 

Factors Influencing Viscosity 
Temperature 

Viscosity of a fluid varies with the 
temperataure. Liquids become less vis- 
cous as temperature increases. The vis- 
cosity of a liquid may be decreased as 
much as 2% for each degree Centigrade 
increase. The viscosity of a gas, on the 
other hand, increases with the tempera- 
ture. The temperature at which the de- 
termination of viscosity is made must 
be indicated in expressing viscosity; 
otheiwise the data is meaningless. Cer- 
tain fluids flow through a tube more 
readily than others because they are less 
viscous. 

Coeflictenf of Viscosity 

Tile rate of discharge of a fluid is in- 
versely proportional to its coefficient of 
viscosity. Thus, the volume of discharge 
of a fluid whose coefficient of \'iscosity is 
4.0 is ii of one whose coefiBcient is 1.0 
(Fig. 31.1). 

Density 

Viscosity is independent of the den- 
sity of the fluid. Oxygen, which has a 
molecular weight of 32, has a coefficient 
of viscosity of 0.020 (HsO = l). Carbon 
dioxide, which has a molecular weight of 
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Fig. 31.1. The volume discharge of fluid mov- 
ing through a tube varies inversely as its vis- 
cosity, aU the factors remaining constant. 

44, has a coefficient of viscosity of 0.015. 
The volume discharge of carbon dioxide 
through a capillary tube is greater than 
that of oxygen under ideal circumstances. 
Benzine and liquid petrolatum have 
nearly similar densities, but the petrola- 
tum is more viscous and moves more 
slowly through a capillary tube. On the 
other hand methanol (S.G. .80) and chlo- 
rofoim (S.G. 1.5) differ widely in their 
densities but have nearly the same coeffi- 
cients (.597 vs. .580) of viscosity. Tlieir 
rales of flow through tubes of similar 
length and diameter are approximately 
the same at the same temperature. 
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Influence of Mixing Stihaiances 

Tlie viscosity of a fluid is altered by 
combining foreign substances. Dissolv- 
ing substances of high molecular weight 
increases viscosity as a rule. The viscos- 
ity of a solution of glucose or gelatine, 
for example, is greater than that of pure 
water. When ether is added to olive oil 
or water to molasses, the viscosity is de- 
creased. The mixing of two gases of dis- 
similar viscosity likewise alters the \ns- 
cosity. 

Effect of Viscosity on DtsaiAiici: 
Timoucii OniricES 

The influence viscosity has on the vol- 
ume discharge of fluids through a tube is 
of importance in anesthesiology, particu- 
larly in regards to the measurement of 
gas volumes when using flow meters. Tlie 
rate of efflux of a fluid through an orifice 
depends entirely upon density. The influ- 
ence of viscosity upon the flow is neg- 
ligible. On the other hand, the volume 
discharge of a fluid through a capillar)' 
tube is not appreciably influenced by 
density. Viscosity, however, becomes a 
dominating factor. The flow rate of cy- 
clopropane can be measured accurately 
on a flow meter of the orifice type cali- 
brated for carbon dio.xide because their 
densities are nearly the same. However, 
the flow rates vary widely at the same 
cabbrations in the tubular type (see 
Chap. 2). 

QUANTITIES OF HEAT 
Units or Heat Capacity 

Heat transfer occurs in many of the 
physical and chemical processes in- 
volved in anesthesiology. A knowledge 
of some of the basic data concerning 
heat is necessary to clearly understand 
the pliysical phenomena which occur. 


The amount of heat required to raise the 
temperature of one gram of water l^C. 
is called a calorie. It is one-hundredth of 
the amount of heat required to raise the 
temperature of one gram of water from 
0°C. to 100®C. It is designated by the 
sj'mbol cal.m. Often this quantity is re- 
ferred to as a gram calorie, a mean calo- 
rie or a small calorie. One thousand 
small calories are often referred to as a 
large calorie. These large calories are 
used in physiologic and dietetic studies. 
The amount of heat required to raise tlie 
temperature of 1 pound of water at its 
maximum density 1®F. is called the 
British Thermal Unit or B.T.U. One 
B.T.U. is equal to 252 small calories. The 
calorie is usually standardized using wa- 
ter at 15®C.; the B.T.U is usually stand- 
ardized at SO^F, The calorie is standard- 
ized at 15-16®C. because the heat ca- 
pacity of a gram of water varies slightly 
at different temperatures. Tlie 15® calo- 
ric is the amount of heat required to 
raise tlie temperature of one gram of 
water from 14.5 to 155®C. The symbol 
cohn® is often used to designate this 
unit of heat. The mechanical equivalent 
of lieat or the amount of work necessary 
to produce a caloric of energy is known 
as the foule. The gram calorie 15® is 
equivalent to 4.185 joules. The mean 
calorie is equivalent to 4.186 joules. One 
joule equals 1.355 foot lbs. of work. The 
amount of heat required to raise the 
temperature of a unit mass of a sub- 
stance at atmospheric pressure by one 
unit, that is, one degree, is called tlie 
thermal heat capacity of the substance. 
In most scientific studies, heat capacity 
is expressed in calories per gram per de- 
gree C. In engineering, on the other 
hand, the B.T.U. per pound per degree 
F. is used. Another term, often errone- 
ously used interchangeably with thermal 
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capacity, is specific heat. The specific 
heat (designated by the letter C) of any 
substance is the ratio of the quantity of 
heat required to raise the temperature of 
a unit mass of the substance 1°C. to the 
quantity required to raise the tempera- 
ture of a unit mass of water 1°C. The 
specific heat of water at 15-16®C. is ex- 
pressed as unity (1), although at most 
other temperatures it is so nearly close 
to one that the difiFerences are disre- 
garded, The total thermal capacity of a 
body is determined by multiplying the 
mass of the body in grams by the spe- 
cific heat of the substance. Gases differ 
from solids and liquids in regards to spe- 
cific heat because consideration must be 
given to pressure or volume changes. 
Gases have two specific heats— a specific 
heat at a constant volume (C.) and a spe- 
cific heat at a constant pressure (Cp). 
When the specific heat at a constant vol- 
ume is indicated, the quantity e.’cpressed 
is the heat required to raise the tempera- 
ture of one gram of a gas 1®C. without 
changing its volume. The pressure, how- 
ever, changes. Specific heat at a constant 
pressure on the other hand is the quan- 
tity of heat required to elevate the tem- 
perature of one gram of a gas 1°C. while 
it expands at constant pressiue. The spe- 
cific heat at constant pressure is the 
larger value of the two because an ex- 
panding gas does w’ork at the expense of 
the heat contained by it. Gases have low 
specific heats and, therefore, absorb 
little heat, since the molecular concen- 
tration is rarefied. The significance of 
this is realized in considering the inhala- 
tion and insufflation of cold gases. The 
amount of heat abstracted is compara- 
tively, speaking, little. Also, in bubble 
vaporizers, the amount of heat supplied 
by the ambient gases is, relatively speak- 
ing, insufficient to maintain adequate 


vaporization. The specific heals of some 
gases and ^’apors expressed in calories 
per cc. are as follows: 


Water 

1.0 

Liquid ether 

0.36 

Ether vapor 

0.0016 

Oxygen 

0.0003 

Air 

0.0003 

Liquids and solids possess higher heat 

capacities than gases. 

Water possesses 


one of the highest specific heats of com- 
mon substances. 

Some substances pass heat on from 
molecule to molecule more readily than 
otheis. This phenomenon, kno\vn as con- 
duction, is of utmost importance, particu- 
larly in the design of vaporizers. Tlie 
quantity of lieat conducted in calories 
per square centimeter for a thickness of 
one centimeter and a temperature dif- 
ference of 1®C. per second is kno^vn as 
the thermal or heat conductivity. This 
value is often expressed by the letter k. 
The conductivity of some common sub- 
stances expressed in calories per centi- 
meter at O^C. per sec. are as follows: 

Air 0.00057 

Water (liquid) 0.0013 
Copper 0.918 

Silver 1.006 

Aluminum 0.504 

Molal Heat Capacity of Gases 
Molecules of monatomic gases may 
move in three planes in space: (1) for- 
wards and bacJavards, (2) sideways and 
(3) vertically. The combination of these 
three t)'pes of motion is referred to as 
degree of freedom of motion and repre- 
sents all the energy of motion of a mon- 
atomic molecule. The molecules of a di- 
atomic gas move in a more complicated 
manner. Each of the hvo atoms compos- 
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ing the molecule is able to move in the 
same three directions as docs a mon* 
atomic molecule, but the movements in 
these directions are influenced by the re- 
strictions of the interatomic attraction. 
If the atoms were free of this interatomic 
force, and the force did not interfere 
with movement, theoretically, the atom 
would be able to have six independent 
degrees of motion. However, in view of 
this force of intermolecular attraction, 
it has only five. A molecule composed of 
three atoms placed in a straight line will 
also have only five degrees of motion. If 
they are not in a straight line they may 
be capable of six degrees of motion. Mol- 
ecules therefore may have diversified 
types of motion. The more types and di- 
rection of motion a molecule of a gas is 
capable of having, the greater will be the 
heat required to raise the temperature 
of the gas. 

The quantity of heat required to raise 
the temperature of one mole of gas 
through 1*C. is known as the t7wlal heat 
capacity. The molal heat capacity in- 
creases as the number and the weight of 
atoms in a molecule increases. Tlie molal 
heat capacity of a gas is of interest be- 
cause of the influence it may have in re- 
ducing die flammability of mixtures of 
anesthetic gases and vapors. Unless a 
spark is at the kindling temperature of 
an o.xidizabIe substance it cannot initi- 
ate combustion. The addition of an inert 
gas which has a high heat molal capacity 
to a combustible mixture of gases or 
vapors may absorb such quantities of 
heat from a spark that it is cooled below 
the ignition temperature of the mixture. 
The mixture, thus, does not ignite. Cases 
with high thermal capacities, therefore, 
act as “quenching agents’* by cooling 
sparks below the ignition temperature of 
a flammable substance. 


VAPORS 

DiFFrnENCES nE-nvEEN Gases 
AND Vapors 

In most respects vapors behave like 
gases. They obey all the laws pertaining 
to gases such as Boyles, Henry’s, Gra- 
ham’s, Dalton’s and so on. However, 
there are several points of difference in 
physical behavior wliich require men- 
tion. When the gaseous phase of a sub- 
stance forms from the liquid phase at or 
below the boiling point of the liquid 
phase, the gaseous aggregate of the mole- 
cules is referred to as a vapor. If the 
temperature of a vapor is raised far 
above the boiling point or critical tem- 
perature of the liquid from which it is 
derived the molecular aggregate is re- 
ferred to as a gas. A vapor exists close to 
the critical temperature of the substance 
from wliicli it is derived. A gas, then, 
may be deflned as a vapor which exists 
far above the boiling point of its parent 
liquid. Gases such as oxygen, nitrogen 
and helium are called permanent gases 
because at room temperature they are 
far above their respective boiling points 
and critical temperatures. A vapor may 
be liquefied by pressure without cool- 
ing; a gas cannot be. As a gas is com- 
pressed, and tlie critical temperature is 
approached, it becomes a vapor. The 
volume decreases as pressure increases. 
As the vapor nears its saturation point 
the pressure remains constant even 
though the compressing force is being 
sustained and energy is being added 
(Fig. 32.1). However, the volume rapidly 
decreases due to the condensation of 
the vapor and the transformation of the 
substance to its liquid phase. The 
changes in volume of a gas caused by 
pressure at a constant temperature, if 
plotted graphically, result in an equilat- 
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eral hj'perbola. This tj'pe of curv'e has 
been referred to, previously, as an iso- 
therm. As a gas approaches its vapor 
state, that is as it approaches tlie critical 
pressure, the cur\’e shifts from a hyper- 
bola to a straight line. This segment of 
the isotherm represented by a straight 
line represents a decrease in volume 
without change in pressure as the parti- 
cles coalesce to form the liquid phase. 
The state of the vapor at this point is re- 
ferred to as a saturated vapor. As soon 
as all the vapor has been converted to a 


liquid the pressure increases abruptly. 
The line on the graph rises steeply to in- 
dicate the increase in pressure. The vol- 
ume at this point changes little or not at 
all since tlie substance is now a liquid 
and not compressible (Fig. 32.1). 

Vaporization 

Liquids which boil below 60°C. and 
whose vapors possess anesthetic proper- 
ties are considered sufficiently volatile 
for use as inhalation anesthetics. The 
principles of vaporization and a knowl- 



VOLUME 

Fic. 32.1. Comparison of an fsothennal of the gaseous and the vapor phase of a substance. 
At the constant state and temperature the volume decreases as the pressure increases, ac- 
cording to Boyle’s Law, resulting in an equilateral hyperbola represented by the cur\’e A. 
As the critical pressure is approached and the substance becomes a vapor the volume 
decreases as pressure is applied until the ^apo^ condenses. The volume then decreases 
rapidly but tlie pressiue remains constant until all the vapor condenses into a liquid. 
This is represented by the segment C-B. At C all the vapor has become liquefied. The 
segment C and D represents the shrinkage which is relati\’ely small. Curve composed 
of A, B, C and D is known as an isothermal. 
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Fic. 33.1. A satuTiited vapor. 
The vapor pressure for a 
given liquid at a given tem- 
perature is always the same 
irrespective o£ the volume of 
fluid and the volume of over- 
lying vapor. 


edge of the methods of vaporizing vola- 
tile substances arc important in anesthesi- 
ology. Molecules are constantly passing 
from die surface of liquids to the over- 
lying atmosphere to form vapors by the 
process called evaporation. First, the 
fastest molecules at the surface escape. 
Eventually, there is a depletion of the 
supply of fast moving molecules. Tliis 
depletion of fast moving molecules from 
the liquid lowers the average kinetic en- 
ergy of the remaining molecules in the 
liquid, The temperature of the liquid re- 
maining in the container falls since it is 
now composed of slower moving mole- 
cules. The speed of the escaping mole- 
cules of the vapor is reduced by the 
forces of mutual attraction exerted upon 
them by tlie molecules in the liquid as 
they move away from the surface. The 
vapor is thus cooled to the temperature 
of the liquid from which the molecules 
escaped. 

Heat is absorbed during evaporation. 
The heat of evaporation is the ener^ 
required to overcome the cohesive or at- 
tractive (van der ’Wadis) forces of mole- 
cules as they pass off as a vapor from 


the surface of a liquid, As the molecules 
of a vapor approa^ the surface of a liq- 
uid their speed increases because tliey 
are attracted towards the surface by the 
molecules of the liquid. Some pass into 
it. A gain in kinetic energy results as 
they approach and pass into the liquid. 
This Is manifested by a rise in the temper- 
ature of the surrounding medium. The 
heat released to the surrounding me- 
dium is known as the heat of condensa- 
tion. Tlie heat of condensation of a given 
quantity of liquid at a given vapor pres- 
sure and temperature equals the heat of 
vaporization. The same amount of en- 
ergy necessary to evaporate a given 
quantity of liquid is liberated when con- 
densation of the resultant vapor occurs. 
The heat of vaporization of most liquids 
is less than that of water. When water 
condenses a considerable amount of heat 
is liberated. At 20®C., 585 calories are 
released; at 40°C., 574 calories. 

Vapor Pressure and Boiling Point 
Molecules of a vapor exert a pressure 
in exactly the same manner as do mole- 
cules of a gas. Molecules of water in a 
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partially filled, corked bottle escape into 
the overlying air and exert a pressure in 
the same manner as does each of the 
molecules of the overlying air. The pres- 
sure of the water molecules is known as 
vapor pressure. When an equilibrium is 
established, that is, when as many mole- 
cules return into the liquid as escape 
from it, the atmosphere above the liquid 
is said to be saturated. The amount of a 
vapor, and, therefore, the vapor pres- 
sure, increases as the temperature of the 
water and overlying air rises. This is due 
to the fact that more molecules pass 
from the liquid as the velocity of the 
water molecules increases. A saturated 
vapor represents the maximum concen- 
tration of vapor which can exist for a 
given liquid at the temperature of the 
moment (Fig. 33.1). A saturation point, 
therefore, exists for a given liquid at 
each temperature. When the tempera- 
ture of a liquid is raised to the point 
where the vapor pressure equals atmos- 
pheric pressure the liquid boils. The 
boiling point of a liquid is defined as the 
temperature at which the vapor pressure 
of the liquid equals atmospheric pres- 
sure. The boiling point of a liquid, there- 
fore, depends upon the existing atmos- 
pheric pressure and varies with it. Boil- 
ing points are determined at normal 
atmospheric pressures. At the boiling 
point, the vapor escapes, not only from 
the surface, but, also from the interior of 
the liquid. Boiling differs from evapora- 
tion in this respect. Evaporation occurs at 
the surface of a liquid; boiling occurs 
from both the surface and interior. At less 
than normal atmospheric pressure all 
liquids boil at temperatures less than 
their normally assigned boiling points. 
At increased atmospheric pressures the 
boiling points are above their usual des- 
ignated values. 



16 MM. 
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Fic. 34.1. Measurement of vapor pressures of 
liquids using a barometric tube. The liqiud is 
introduced into the vacuum above the mercury' 
and equilibrium is allowed to become estab- 
lished. The molecules of the vapor cause the 
column of mercury to fall in proportion to the 
pressure at that temperature. 

The Heat of Vaporization 
A liquid which is at its boiling point 
does not change its temperature until all 
the liquid has been vaporized, even 
though heat is being added. The heat 
necessary to vaporize the liquid is 
known as the latent heat of vaporization. 
Tlie heat expressed in calories necessarj' 
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to vaporize one gram of water at nor- 
mal atmospheric pressure at 100®C., its 
boiling point, is 537 calories. Tlie heat 
of vaporization varies with the tem- 
perature at which vaporization occurs. 
TJje Ijeat of ^’aporization increases [or 
a given liquid as the temperature is re- 
duced, and decreases as the tempera- 
ture is raised. When the critical tempera- 
ture of the liquid is reached the latent 
heat of vaporization is zero, since at that 
temperature the substance no longer 
exists as a liquid. The heat of vaporiza- 
tion of water, for example, at 0®C. is 
593.4 calories per gram; at 200°C. it is 
463.8 calories; at 365®C., the critical 
temperature, it is zero. More heat would 
be needed to vaporize a gram of water 
at 0®C. than would be needed at room 
temperature. Hie same principle applies 
to volatile liquid anesthetics. Water has 
a higher heat of vaporization than most 
liquids. The heat of vaporization of ether, 
for e.xample, at its normal boiling point, 
is much less than that of water (83.9 cal- 
ories per gram). Water differs from other 
liquids in having, not only a high ther- 
mal capacity, but also, a high heal of 
vaporization. 

Vapor Pressure of Liguro ANcsriremcs 
A vapor, for example ether, overlying 
a liquid, for example water, dissolves 
in the liquid, if it does not combine with 
it, according to Henry’s Law. The 
amount which dissolves is directly pro- 
portional to the partial pressure. Vapors 
dissolve in the water and obey the same 
laws as do the permanent gases. In order 
to be useful as an inhalation anesthetic, 
the vapor pressure of a volatile liquid at 
room temperature must be of a magni- 
tude which results in the solution of a 
sufGcient number of molecules in the 
plasma and cells to produce surgical an- 


estlicsia. Liquids which boil above 60°C., 
as a rule, are not suitable for inhalation 
anesthesia unless they are extremely po- 
tent because the vapor pressure is inade- 
quate. Chloroform boils at 61®C. The 
dnig ^vould not be effective \vere it not 
for the fact that it is one of the most 
potent of the inhalation anesthetics. At 
an alveolar tension of 5 mm. Hg a suffi- 
cient number of molecules dissolve in 
plasma to produce surgical anesthesia. 
At the vapor pressure of ether is 
760 mm. Hg; at 25°C. when the vapor is 
at equilibrium with the liquid, it is 500 
mm. Hg. A tension of approximately 30 
mm. Hg is necessary to maintain anes- 
thesia (Fig. 35.1). However, the 500 mm. 
Hg value represents the maximum ten- 
sion possible at that temperature (25®C,) 
and not the actual one encountered clin- 
ically. In the open methods for vaporiz- 
ing dnigs, for example, tensions of 100- 
110 mm. Hg are rarely exceeded. Higher 
tensions are not attained clinically be- 
cause the vapor is seldom at equilibrium 
\vith the liquid. Furtliermore, in both tlie 
open and closed methods of administra- 
tion the vapor becomes diluted with air 
and otfjer gases used in conjunction with 
the drug. Besides, the vapor is being ab- 
sorbed rapidly by the blood and tissues. 
During the induction of anesthesia an 
ether tension several times that neces- 
sary for maintenance must be used to 
saturate the tissues as quickly as possible 
to the point of anesthesia. This is de- 
scribed in more detail in Chapter 4. 

DIFFUSION OF FLUIDS THROUGH 
MEMBRANES 

Permeabuity of MEMBRArms 

The phenomenon of diffusion of fluids 
through permeable membranes was first 
observed by Jean NoUet in 1748. When 
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a membrane separates two solutions 
having a common solvent the molecules 
on one side intermingle with those on 
the other until equilibrium is estab* 
lished. Openings in membranes may 
vary in size. It is possible for tlie open- 
ings to be of a size which permits the 
passage of solvent molecules and not 
those of the solute. The solvent mole- 
cules pass inward and dilute the solu- 
tion in an attempt to equalize the con- 
centration. A force is generated by the 
migrating solvent molecules. Pfeffer in 
1787 measured the force generated by 
molecular diffusion and called it osmotic 
pressure. 

It is possible for the pores in a mem- 
brane to be large enough to permit small 
particles to pass, but not large ones. 
\Vhen a solution composed of large and 
small molecules is separated from their 
solvent by such a membrane, the large 
molecules do not pass through but the 


small ones do. Donnan, using a solution 
of the sodium salt of Congo Red and 
sodium chloride, noted the large Congo 
Red anion was unable to pass through a 
membrane with small pores but that the 
ions of sodium and chloride could pass 
easily. The solvent molecules (water) 
could pass in either direction. The total 
positive charges must equal the total 
negative charges on either side of the 
membrane, since there must be electri- 
cal neutrality. In such a system of ions, 
one of which is not diffusible which has 
reached equilibrium the concentration 
of sodium and chloride ions is asymmet- 
ric. The concentration of sodium ion is 
less on the side of the membrane not 
containing Congo Red while the concen- 
tration of the chloride ion is greater on 
this side. At equilibrium the product of 
the concentration of sodium ions and 
chloride ions on one side of the mem- 
brane equals the product of the concen- 





Fic. 33.1. The %-apor pressures of currently used volatile anesthetics at 
diff^erent temperatures. 
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Iration of the sodium, the chloride ion 
and the non-difFusiblc Congo lied anion 
on the other side. Since tlie concentra- 
tions of ions are different on either side 
of the membrane, an electrostatic dif- 
ference develops between the interior 
and exterior of llie membrane. The inte- 
rior of the membrane is negatively 
cliarged while the exterior is positively 
charged. The magnitude of this diifer- 
ence in potential may be computed us- 
ing the Nernst equation. This potential 
is proportional to the logarithm of the 
ratio of the concentrations of the sodium 
and chloride ions on each side of the 
membrane. At IQ^C. when the ratio 
is 1:10 the potential is 58 millivolts. Tlie 
state of ionic equilibrium may be repre- 
sented as follows: 

4 { 

3 C.R.- 2 

1 Cl- I 2 Cl- 

The potential difference which develops 
is the source of the membrane potential 
which is so important in biological sys- 
tems and which will be referred to many 
times in succeeding chapters. 

LrnNG AND NoN-LmNC Mcridixanes 
Living membranes differ from non-liv- 
ing in one regard concerning this migra- 
tion of ions. They can, by supplying en- 
ergy derived from biological reactions 
occurring in the cell wall, move ions 
against a gradient. In other words, they 
can disrupt this equilibrium and transfer 
ions from an area of low concentration 
to a higher one and alter the potential 
difference. In fact, the potential may 
even be reversed. In non-living mem- 
branes the flow is from the higher gradi- 
ent to the lower one. Once equilibrium 
is established it cannot be reversed un- 
less concentrations are changed by re- 


moving or adding ions from the entire 
system. 

OSMOSIS AND OSMOTIC PRESSURE 
DirrusioN ninoucii Mcmbranes 
Tlie phenomenon referred to as os- 
mosis is associated with the diffusion of 
substances tbrougli a semipermeable 
membrane. A cell is nothing more than 
a dilute aqueous solution of a variety of 
substances occupying a compartment 
surrounded by another aqueous solution 
of different composition. The cell is de- 
lineated from its environment by a semi- 
pcrmeable membrane through which 
some substances pass and others do not. 
The inward or outsvard diffusion of sub- 
stances into the cell depends upon tlie 
differentials in concentration and the 
selective permeability of tlie membrane. 
A pressure develops within the cell as a 
result of such diffusion. This pressure is 
referred to as osnwiic pressure. 

AprLiCATioN OF Gas Laws to 
Osmotic Behavioii 
Substances in dilute solutions whether 
they are h’quids, solids or gases behave 
almost precisely as if they were in a 
gaseous state. One gram molecular vol- 
ume of a gas occupies a volume of 22.4 
liters at O^C. and exerts a pressure of one 
atmosphere. One gram molecular 
weight of any liquid or solid in its gase- 
ous state would likewise occupy 22.4 
liters and exert a pressure of one atmos- 
phere if such a volume could be con- 
sidered at 0°C. For example, the molecu- 
lar weight of glucose is 180. The total 
molecules in 180 grams of glucose, if it 
were possible for them to be in a gaseous 
state, would occupy 22.4 liters at one 
atmosphere pressure and O’C. The same 
number of molecules dissolved in 22.4 
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liters of water at 0°C. would, irrespec- 
tive of the pressure of the water mole- 
cules, still exert a pressure of one atmos- 
phere. The behavior of molecules of such 
solutions, therefore, would follow the 
gas laws. A gram molecular weight of 
glucose dissolved in 11.2 hters of ■water 
would, according to Boyle’s law, exert a 
pressure of 2 atmospheres since the num- 
ber of molecules remains the same but 
they now occupy half the volume. The 
same quantity dissolved in 44.8 liters of 
water would exert half an atmosphere 
pressure, since the number of molecules 
per unit volume would be halved. Gay 
Lussac’s and Charles’ Law would also 
apply to such situations. The pressure of 
the molecules in a dilute solution is pro- 
portional to the absolute temperature if 
the concentration remains constant. Dal- 
ton’s Law, likewise, applies to these situ- 
ations. Each substance in a mixture of 
several substances exerts, in a solution, a 
pressure independently of the other. The 
total pressure is the sum of the individ- 
ual pressures. The foremenlioned state- 
ments are generally applicable to dilute 
unionized solutions. Deviations from this 
generalization occur as solutions become 
concentrated. 

Determination of Osmotic Pressure 
If a closed bag composed of a mem- 
brane permeable to water molecules but 
not to glucose is filled with a dilute solu- 
tion of glucose and surrounded by pure 
water, molecules of water pass inward 
and distend the sack. There are more 
molecules of water per unit volume out- 
side the bag than there are inside. The 
gradient for water is from the outside in- 
ward. Work is done by the water passing 
inward and a pressure develops in the 
bag which can be measured uith a 
manometer (Fig. 36.1). The diffusion 
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Fig. 36.1. Osmometer. The molecules of the 
solvent (A) pass through the semi-permeable 
membrane (B) and increase the pressure in 
chamber (C) containing impermeable solute 
molecules which causes mercury to rise into 
manometer (D). Rise in centimeters of mercury 
is equivalent to the osmotic pressure exerted. 

pressure of the pure water molecules 
outside is greater than that of the water 
molecules of the glucose solution inside. 
This pressure is equal to that exerted by 
the molecules of glucose. The pressure 
which develops in the bag can be offset 
by connecting the bag uith a cylinder 
and piston and applying pressure to the 
glucose solution. The inward diffusion 
of w'ater molecules is thus stopped. The 
excess pressure which must be added to 
keep the water molecules out of the bag 
is called the osmotic pressure. The os- 
motic pressure, therefore, is this inward 
pressure which must be applied to pre- 
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vent tin's inward migration of solvent. A 
device for measuring sucli pressures is 
referred to as an osmomelcr (Fig. S6.1). 
Tliis is a direct method of measuring os- 
motic pressure which is not easily done. 
Osmotic pressure, therefore, is deter- 
mined by some indirect method, such as 
noting the depression of tlie freezing 
point of a solution or measuring the vapor 
pressure of the solvent. 

Iso, Hito and HYPcn-TONicm- 

If, instead of water, tlie exterior of the 
bag is bathed by a glucose solution 
which is more concentrated than the one 
inside water molecules diffuse outward 
from the interior to the exterior. Tlie 
pressure in the bag falls and the bag 
becomes partially collapsed, If the solu- 
tion surrounding the bag is of identical 
concentration ns that inside the bag, 
molecules of water diffuse in and out 
freely and no change in volume occurs. 
Tlie concentration remains the same on 
either side of the membrane because the 
osmotic pressure is tlie same inside as it 
is outside the bag. Thus, it can be seen 
tliat molecules of a solvent separated by a 
permeable membrane pass from a less 
concentrated solution into a more con- 
centrated one. 

Basically, the living cell behaves in a 
manner similar to such a glucose filled 
bag. Surrounding a cell with dilute 
aqueous solutions of molecular concen- 
trations less Uian those of the cell may 
cause distention or even rupture of the 
cell and subsequent necrosis. Solutions 
whose osmotic pressure is equivalent to 
that of the cells are called isotonic. Solu- 
tions surrounding a cell having molecu- 
lar concentrations and osmotic pressures 
greater than that of the cell are called 
hypertonic. The cell loses water to its en- 
vironment and slowly shrinks. This proc- 


ess of shrinkage is called crenation. 

The osmotic pressure developed by 
most biological fluids is due to a mixture 
of a variety of molecules dispersed in a 
solvent Pressures of several atmospheres 
may be generated when cells are placed 
in environments which are not isotonic. 

Effects of Ionization 

Tlie magnitude of the pressure de- 
veloped depends upon the number of 
discrete particles in a solution. Size, 
weight or type of molecules liave no in- 
fluence. A lightweight molecule or an ion 
exerts equally as great a pressure as one 
exerted by a heavy, large, undissociated 
molecule, nicrefore, a molecule of a 
substance like albumin e.xerls as much 
of a pressure as a molecule of glucose 
which has a molecular weight of 180 or 
an ion of sodium which has a weight of 
35. A substance which ionizes actually 
exerts a higher osmotic pressure than 
would be expected if it did not ionize 
because of tlie presence of an increased 
number of particles per mole. A sub- 
stance such as glucose which does not 
ionize has an osmotic pressure of a mag- 
nitude one would ordinarily expect or 
calculate from its concentration. The re- 
lationships between molar concentration 
and osmotic activity are expressed in 
terms of osmoh. One gram molecular 
weight of glucose (6.02 X 10*0 mole- 
cules is termed one osmol. One osmol 
(180 grams) of glucose dissolved in 22.4 
liters of water depresses the chemical po- 
tential so that a pressure of one atmos- 
phere must be applied. Osmolarity equals 
molarity times the number of particles 
per mole resulting from ionization. The 
osmolar and molar concentrations of sol- 
utions of non-ionizable substances are 
equal. The laws pertaining to osmotic 
pressure were formulated by Van't Hoff. 
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Effects of Non-isotonic 
Solutions on living Cells 
The importance of injecting solutions 
whose tonicity is equal to those of the 
cells is obvious. Necrosis, hemolysis or 
edema may result from use of hypo or 
hypertonic solutions. The osmotic pres- 
sure of human cells at 37°C. is 0.3 of an 
osmol or 7.62 atmospheres. The same is 
also true of serum. As a rule, harmful 
effects are less frequent after the use of 
hypotonic than after hypertonic solu- 
tions, particularly if such solutions are 
administered intravenously. Presumably 
this is due to the fact that diffusion takes 
place quickly with hypotonic solutions 
and cellular rupture is not a serious prob- 
lem. Intra and extracellular fluids seem 
well able to withstand low osmotic fluid 
pressure as long as the anatomical con- 
fines of the intracellular fluid are not 
restrictive. Tliis applies particularly to 
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the intravenous use of such solutions. 
Otherwise pressure necrosis results. 

The injection of hypertonic solutions 
carries a greater possibility of disaster 
than the use of hypotonic, particularly 
when injection is made into the tissues. 
Such solutions cause migration of water 
when they come into contact with the 
cells. Dehydration and desiccation of the 
cell occurs. This results in death of the 
cell because the medium in which essen- 
tial substances are stored, dissolved or 
utilized is withdrawn. The possibility of 
damage is lessened when such solutions 
are administered intravenously because 
dilution with plasma occurs quickly. 
Small amounts of hypertonic solutions 
therefore, may not be harmful, Osmosis 
and its relationship to injection of solu- 
tions into tissues is of particular interest 
in local anesthesia. This aspect of osmo- 
sis is discussed in Chapter 21. 



CHAPTER 2 


Clinical Application of Physical Principles 
Concerning Gases and Vapors 
to Anesthesiology 


MEASUREMENT OF FRESSUnES 
Basic Types or Instocmcnts 

T he MEAsimcKiENT of fluid pressures 
can be a complex procedure which, 
in precise studies, requires elaborate de- 
vices. In clinical anestliesia, however, 
tlie problem is largely one of rncasurlng 
gas pressures of reasonable magnitude 
with simple devices. Usually, this is ac- 
complished by means of either monom- 
cters or pressure gauges. Two types of 
manometers may be employed, the 
dosed (Fig. 2.2) and the open (Fig. 1.2). 
Both types consist of vertically arranged 
U-shaped tubes partially filled with a 
displacement fluid, usually water or mer- 
ciu-y, in which the fluid rises or falls. 
Gauges are composed of diaphragms or 
membranes against which llie force of 
pressure acts. They are distorted in pro- 
portion to the pressure and this distor- 
tion is translated into units of pressure. 

Units of Pixessuiie 

In the English system manometric 
pressures are expressed in inches of mer- 
cury or of water; in the metric system 
in centimeters of mercury or water (cm. 
Hg or HjO). Gauge pressures and pres- 
sures of high magnitude ate indicated in 
terms of force per unit area, such as 
pounds per square inch, grams per 
square centimeter or in terms of at- 
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mosplieres. Pressures of small magnitude 
are expressed in millimeters of mercury 
or water. Water is used as the displace- 
ment medium in the measurement of 
small pressures. The distance to ivliich 
one centimeter of mercury rises in a tube 
is 1/13.6 that of water under comparable 
circumstances. One centimeter of water 
pressure equals 0.7 mm. of mercury. One 
centimeter of mercury pressure equals 
13.6 cm. of water. Water manometers, 
therefore, are more "sensitive" than 
those using mercury’ as the displacement 
fluid. They ate preferred when pressures 
of small magnitude are measured. Pres- 
sures ordinarily encountered in clinical 
anesthesia are small, particularly during 
intrapulmonic studies. Mercury manom- 
eters, even though calibrated in milli- 
meters, are not sufiiciently sensitive to 
delect significant changes in these 
studies. 

Individual Types 
Open Manometers 

Tlie simplest form of manometer for 
clinical use is the modification of the 
open U tube. It consists of a calibrated 
slender glass tube, approximately 25 cm. 
in length, which is raised and lowered 
vertically in a transparent container in 
xvater. The manometer is connected to 
Uie anesthetic apparatus by a rubber 
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tube. The depth in centimeters or inches 
to which the mouth of the tube is sub- 
merged below the surface of the water 
indicates the pressure in tlie apparatus 
(Figs. 3.2, 4.2). The diameter of the tube 
is of no particular consequence if it is of 
sufficient bore to overcome the effects of 
surface tension on the base of the menis- 
cus (0.25-0.5 cm.). This type of ma- 
nometer may be used as an expiratory 
valve on certain types of apparatus in 
which positive pressure on the expira- 
tory phase of respiration is desired (Fig. 
5.2. It acts also, in addition to a manom- 
eter, as a safety valve in anesthesia and 
resuscitator appliances. The manometer 
is adjusted to the maximum desired 
pressure, and if this maximum is ex- 
ceeded, the gas escapes from the mouth 
of the tube. The diameter of the con- 
tainer should be several inches wide so 
that the errors induced by changes in 
water level by the displaced water in the 
tube are minimal and of no ch'nical sig- 
nificance. 

The U type of manometer is more 
satisfactory for studies requiring preci- 
sion. This consists of a vertically placed 
U tube, one arm of which is connected to 
the apparatus, while the other is open to 



Fig. 1.2. The open type 
manometer. Ordmainly 
mercury is used as the 
displacement dufd. 
Water is used as the 
displacing fluid instead 
of mercury when greater 
sensitivity is required. 



I 


Fig. 2.2. The closed type 
of manometer. The vol- 
ume of air trapped in the 
sealed end expands or is 
compressed in proportion 
to the pressure exerted at 
the open end. The volume 
of the trapped gas varies 
inversely as the pressure, 
in accordance with Boyle's 
Law. The notations on the 
scale are spaced in inverse 
ratio to the changes in 
pressure. 



Fic. 3.2. A simpli- 
~ fled water manom- 
eter for clinical an- 
esthesia. The as- 
sembly consists of a 
T tube attached to 
the anesthetic ap- 
paratus. Adjustment 
is made by sliding 
■ the stem of the tube 

(A) through the top 

(B) of the container 
fC) along the cali- 
brated scale (D) 
which is submerged 
in water. The pres- 
sure in the inhaler is 
equal to the number 
of cenh'meters the 

meniscus is depressed below the water surface. 
The gas escapes through (E) when the desired 
pressure is exceeded. The uide mouth con- 


tainer is used to minimize errors due to changes 
in water level. 
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Fjg. 4.2. Manom* 
eter described in 
Fig. 3 2. The 
ratchet allows 
adjustment of the 
tube to the de- 
sired pressure. 
(Courtesy of 
Richard Foreg- 
ger, Ph.D.) 


tlie atmosphere Fig. 1.2). The pressure is 
indicated by the diiFerences between 
the two levels of the contained fluid. 
Either mercury or water may be used, 
depending upon the magnitude of die 
pressures to be measured. 

Closed Tube Manometebs 

The closed manometer consists of a U 
tube partially filled with mercury or 
other liquid possessing a low vapor pres- 
sure. The end of one limb is sealed; the 


other communicates with the apparatus 
(Fig. 2.2). The air trapped in the sealed 
end becomes compressed or expands in 
proportion to the pressure exerted on 
the surface of the liquid at the open end. 
Tlie pressure and volume of the trapped 
gases vary according to Boyle’s Law, if 
the temperature remains constant. Since 
the volume varies inversely as the pres- 
sure, the notations indicating units of 
pressure on tlie scale are spaced closer 
and closer together as the pressure in- 
creases. On the other hand, if the pres- 
sure in the apparatus is reduced below 
that of the gas in the sealed portion of 
the tube, the markings on the scale are 
spaced progressively farther apart as the 
pressure lessens. Small changes in pres- 
sure are reflected by increasingly greater 
spacings on the scale. Tlie closed type 
of manometer is less sensitive for measur- 
ing increases in pressures than the open 
manometer. It is useful for moderately 
iugh pressures. It also may be used for 
measuring fine gradations of negative 
pressures. The absolute pressure may be 
measured by displacing the gas in the 
sealed limb of the U and permitting mer- 
cury to fill tlie seal. This type of manom- 
eter, known as the absolute manometer, 
is used when measuring subatmospheric 
pressures in laboratory studies. Commer- 
cially available absolute manometers 
measure pressures ranging from zero to 
— 350 mm. Hg. However, by lengthen- 
ing the limb to 80 cm., pressures ranging 
zero to — 300 mm. Hg may be measured. 

Barometers 

The barometer is a closed type of ma- 
nometer designed to measure changes in 
atmospheric pressure. Basically it con- 
sists of a tube 80 cm. long sealed at 
one end, filled and placed vertically with 
the open end submerged in a pool of 
mercury. The atmosphere, acting upon 
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Fig. 5.2. Water manometer used for positive pressure ox)’gen therapy. Pres- 
sure is created during eTpiratory phase by exhaling against the resistance 
created by the column of water. The manometer also acts as an expiratory 
valve. (Courtesy Meser SaUad.) 

the surface of the mercur}' in the pooh 
normally elevates the column 76 centi- 
meters into the evacuated tube. The 
space above the mercury is a vacuum 
save for the molecules of mercury’ vapor. 

If water were used as the medium, a 
tube 34-35 ft. long would be necessary 
because water is normally sustained to a 
height of 32 ft. in an evacuated tube by 
the atmosphere. 

AneBOID MANOMETTEnS AND 

Pressure Gauges 

Manometers are not satisfactory for 
measuring high pressures; therefore, 
gauges are used instead. In a gauge, a 
metal diaphragm expands and contracts 


as the pressure on its surface varies. The 
most common tj'pe used for anesthesia 
is the Bourdon (Fig. 6.2) type which con- 
sists of an oval shaped, hollow metal 
spiral tube sealed at one end. The other 
end is connected with the pressme 
source. The tube tends to become flat 
and elongated as the pressure of the gas 
admitted into it increases and resumes 
an o\'al shape and shortens as the pres- 
sure falls. A system of levers is activated 
by this change in length which in turn 
operates a clocklike indicator along a 
scale calibrated in units of pressure. 

The Bourdon type of gauge has also 
been modified to measure pressures of 
small magnitude of the range ordinarily 
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Fic. 6.2. The Bourdon gauge. 
Tlie coiled lube becomes elon- 
gated and rounded when the 
pressure of the entrained gas in- 
creases, and shortened and flat- 
tened as it decreases. The 
changes in length operate a 
clock-lJce mechanism which 
translates them in units of pres- 
sure. 


encountered in clinical work. These 
gauges are used in place of manometers. 
At times, such gauges are referred to as 
aneroid type gauges. Tlie basic princi- 
ples of construction are the same for 
these low pressure instruments as for the 
high pressure variety. The accuracy of 
tliese gauges at low pressures, however, 
is less than that of mercury or water ma- 
nometers. Gauges which liave been in 
service for long periods of time, particu- 
larly those which measure low pressures, 
become inaccurate, due to alterations in 
the metal from crystallization, changes 
in ductility and other physical factors. 
Such gauges should be calibrated pe- 
riodically. 

The aneroid type of barometer con- 
sists of a double pair of concave, thin 
metal diaphragms possessing a certain 
degree of elasticity which are sealed to- 
gether trapping some atmospheric air 
between tliem. The pressure of the gases 
trapped by the diaphragms varies as the 
pressure of the atmosphere on tlie outer 
surface of the enclosure changes. TTie 
diaphragms bulge outward or are com- 
pressed inward. A system of levers is 
activated which records the pressure on 


a recording kymograph in inches or cen- 
timeters of merairy. 

Use of Tambours for Measuring 
Pressures 

Tambours consist of diaphragms com- 
posed of rubber or other elastic sub- 
stances stretched over a cup shaped 
structure which communicates with the 
pressure source (Fig. 7.2). In experimen- 
tal studies tambours are used to measure 
pressures of small magnitude. They ac- 
tivate levers which write a record on a 
kymograph or move mirrors which cast 
a beam of light on a photographic plate. 
The accuracy and sensitivity of tam- 
bours vary widely and depend upon 
the elasticity of the diaphragms. Tliere is 
a change in resilience with time and re- 
peated use. Therefore, tambours must be 
recalibrated frequently. 

COMPRESSED GASES 
Packacinc and Dispensing of Gases 
Gases, in order to be easily transported 
and available for immediate use, are 
compressed and stored in metal cyh’n- 
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ders. A compressed gas is defined as any 
substance which exerts a gauge pressure 
exceeding 25 lbs. per square inch at 
70°F. Cylinders for anesthetic gases are 
constructed of steel with walls of a mini- 
mum thickness of S". In order to mini- 
mize weight, where this is a factor, some 
cylinders are made of alloys containing 
molybdenum or chromium. These weigh 
less and are stronger than steel. The In- 
terstate Commerce Commission has 
formulated regulations concerning the 
construction, handling and filling of 
cylinders intended for interstate use. 
Cylinder sizes are designated by letters 
of the alphabet commencing from A. 
Size and capacity increase as the alpha- 
bet is ascended. Table 1.2 summarizes 
the approximate content and the pres- 
sures of currently used gases according 
to cylinder size. Cylinders intended to 
be used at pressures exceeding 450 lbs. 
per square inch must withstand a pres- 
sure of 5/3 or 1.66 times the service pres- 
sure. The service pressure is the maxi- 
mum pressure to which the cylinder may 
be subjected during ordinary usage. 
Thus a safety factor is established be- 
tween the service pressure and the ab- 
solute or maximum allowable pressure. 
This is necessary in the event the gas 
expands should the cylinder be exposed 
to an excessively warm or hot environ- 
ment. For example, an E cylinder de- 
signed to store oxygen, which, under 
ordinary circumstances, has a capacity of 
400 liters of gas compressed to 2000 lbs. 
per square inch, must have sufficient ten- 
sile strength to withstand a pressure of 
3400 pounds per square inch. In addi- 
tion to tensile strength, cylinders must 
possess some elasticity. However, the ex- 
pansion from this factor must not exceed 
lOZ of a total possible expansion of the 
cylinder. 
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Fig. 7.2. A tambour used to measure pressures 
of small magnitude. Changes in pressure are 
transmitted to the diaphragm (A) which op- 
erates the lever (B). The apparatus is con- 
nected to the gas source at (C) 

Regulating Agencies 

Gases used for medical purposes are 
prepared and packaged to meet the 
specifications of the Pharmacopeia of the 
United States. They are also subject to 
regulations of the Food and Drug Ad- 
ministration. Gases intended for inter- 
state commerce must be packed in con- 
tainers in accordance with regulations of 
the Interstate Commerce Commission. 
In Canada, cylinders used for medical 
gases must comply with the specifica- 
tions of the Board of Transport Com- 
missioners. Cylinders which have been 
in a fire must be removed from service 
until they have been properly reheated 
and retested. Records must be main- 
tained summarizing data of tests on all 
cylinders. 

Cylinder ^^ALVES 

All cylinders are equipped wth deli- 
cately constructed valves for filling and 
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sealing tlie contents, Tlie valve must, of 
course, meet tlie same rigid standards 
required of the body of tlie cylinder. All 
cylinder valves are equipped with a 
safety device which permits the gas to 
escape if exposed to a hot environment. 
This guards against rupture of the cylin- 
der which could follow from the in- 
creased pressure resulting in the event 
the cylinder is exposed to high tempera- 
tures. Tliis device consists of a hollow 
bolt filled with an alloy which melts at 
a relatively low temperature. This bolt 
is usually placed in the valve stem (Fig. 
8.2). The alloy is composed of Woods 
metal which consists of bismuth, lead, 
tin, and cadmium. It usually melts at 
200'’F. but the melting point may be al- 


tered by varying the proportions of the 
various metals. 

Testinc of CyuNOEns 

A cylinder, at the time of manufac- 
ture, is subjected to the serx’ice pressure 
to which it will be exposed when in use. 
An automatic indicator records a graph 
of the testing pressure which must be 
Sustained for a minimum of 30 seconds. 
A cylinder showing a drop in pressure 
during the test is rejected. Each cylinder 
is tested in fliis manner every five years 
Or oftener. If found satisfactory it is con- 
tinued in service; otlierwise, it is re- 
jected. 

At each inspection cylinders are 
cleaned, the valve is removed and the 
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interior is washed wth water. A spray of 
potassium hydroxide is next used which 
is in turn followed by a rinse of water* 
and then a spray of live steam. The in- 
terior is thoroughly dried. The valve, 
which has bben tested, is reinserted. The 
cyKnder is then ready for use once again. 

Marking of CvLiNDEns 
The markings and labelings which are 
engraved in the metal at the shoulder 
of each cylinder are required by the In- 
terstate Commerce Commission (Fig. 
9.2}. The following data are designated: 
the type of cylinder, the date the cylin- 
der was commissioned, the service pres- 
sure, the dates of all tests, the insignia of 
the laboratory performing the tests, the 
identification number and the location 
of the manufacturer. Cylinders used for 
anesthesia are designated as type 3A. 
The usual service pressure is 2000 lbs. 
/sq. in. Cylinders which accommodate 
cyclopropane, for example, are rarely 
subjected to service pressures which ex- 
ceed 75 or 80 pounds per square inch. 
Nonetheless, they are designed to ac- 
commodate pressures up to 2000 Ibs./sq. 
in. 

Care of Cylindeiis 

Spedal care in handling cylinders is 
essential to assure safety. All cylinders 
must be stored in an upright position, in 
a cool place, and should be protected 
from heat, the sun’s rays and chemical 
fumes. The room in which cylinders arc 
stored must be adequately \’entilaled so 
that a complete change of air occurs 
once every 120 minutes. 

The valve is the weakest and most 
delicate part of the cylinder. It is easily 
damaged by overturning or dropping a 
cylinder. Therefore, a rack, preferably 
one of metal or other non-combustible 



Pic. 8.2. Cross section through main cylinder 
valve showing arrangement to permit escape 
of gases from cylinders exposed to exception- 
ally high temperatures. The hollow bolt (B) is 
filled with an alloy (A) having a low melting 
point. The flow of gas is controlled by varying 
position of the valve seat (C). 

material, should be provided for storing 
cylinders in an upright position. Metal 
racks of the 'pigeon hole” type are avail- 
able for storing cylinders in a horizontal 
position where conservation of space is a 
necessity. Large cylinders are provided 
with metal caps which are screwed o\’er 
the valves to protect them in case they 
are accidentally upset. 

Grease and oil should never be used 
on valves, gauges, threads for the cylin- 
der cap or any piece of gas equipment 
used for anesthesiology. This is espe- 
cially important when ox}’gen or nitrous 
oxide are being used. Both gases would 
support combustion of the grease. Spe- 
cial substances are available for lubri- 
cating purposes which have extremely 
high ignition temperatures and would. 
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Fic. 9.2. The no* 
tations ordinarily 
found on cylin- 
ders used for an- 
csthelie gases in 
clinical aneslhe- 
-'4sia. (A) Type of 
-6 cylinder (accord* 
' 'C ing lo classifica- 
* Otton of Interstate 
Commerce Com- 
mission). Cylln- 
'.l~l ders used for an- 
esthetic gases are 
designed as type 
3A. (B) Service 
pressure. (C) 
Name and loca- 
tion of manufac- 
turer. (D) Identi- 
fication mark of 
manufacturer or 
proprietor of cylinder. (E) Identification mark 
of laboratory >vhich tested the cylinder. (F) 
Date test uas performed. (G) Identifying mark 
of laboratory performing periodic tests. (11) 
Retest date. T>pe of material and manner of 
construction of cylinder is sometimes indicated 
also. 

therefore, be safe to use for clinical anes- 
thesia. 

TrANSFIU-INC of CYt-WOERS 

Transfilling may be defined as the 
process of filling a cylinder of compara- 
tively small capacity from a larger, res- 
ervoir cylinder. Cylinders should never 
be transfilled, particularly by individuals 
inexperienced in handling compressed 
gases. Certain anesthesiologists own 
small cylinders which they fill with gases 
purchased in bulk in large cylinders. Ob- 
viously, from a financial standpoint, this 
is advantageous, but, the hazard in- 
volved is great. Transfers of energy oc- 
cur when a gas expands suddenly and 
is then recompressed, due, as has been 
mentioned previously, to adiabatic ex- 


pansion and compression. A large quan- 
tity of heat may be evolved and a high 
temperature generated when a gas is re- 
compressed in a brief period of time, 
particularly if recompressed in a small 
space (Fig. 10.2). Tlie chance of over- 
filling with possible, subsequent rup- 
ture of a cylinder is another hazard of 
transfilling. Contamination or dangerous 
mixtures may also result if cylinders are 
not completely evacuated and cleaned 
prior to filling. Intermixing of flammable 
gases and vapors with oxidizing gases 
may also occur. The combustible sub- 
stance may be ignited in the cylinder 
should heating occur during recompres- 
sion. A cylinder designed to be used for 
one gas may inadvertently be filled with 
another— as, for example, oxygen with 
nitrous oxide. Cylinders owned priv-ately 
by physicians are not under the super- 
visory control of the Interstate Com- 
merce Commission, and, therefore, are 
not subject to the periodic inspection 
which all cylinders should undergo re- 
gardless of ownership. Defective valves 
and small cracks may be unnoticed in 
these privately owned cylinders. These 
may later lead to rupture of the cylinder 
with serious consequences. 

Should one open the valve of a cylin- 
der not attadred to a yoke or reducing 
valve— a dangerous practice— he should 
do so with tlie outlet pointing away from 
the operator. Injury has resulted from 
failure to take this precaution. As the gas 
escapes from an open or damaged valve, 
there is a backward thrust which may 
cause the cylinder to topple over and 
oscillate out of control over the floor un- 
til the contents are completely evacu- 
ated. 

Even though a vacuum is applied to 
cylinders to completely exhaust them of 
all gases before refilling, it is good prac- 





Ethylene N.trou* o*We Cyclopropene Heliutn end Cetbon dioxide 

Helium-Oxygen end Cerben dioxide 

mixtures —Oxygen mixtures 

(02 less then 20%) (C02 over 7%) 


Fic. 10.2. The pin index system designed to prevent accidental interchanging of cylinders and 
the administration of the incorrect gases. The pins on the yoke match the holes on the valve of 
the cylinder. (Courtesy Ohio Chemical Company.) 


tice to close all valves, whether empty or 
not, to prevent contamination with dirt 
and moisture. 

Color hlARKiNC and Labeling of 
Cylinders 

At the suggestion of the U. S. Depart- 
ment of Commerce and the Bureau of 
Standards, color markings have been 
adopted for the identification of cylin- 
ders and their contents. The World 
Health Organization has recently adopt- 
ed an international color scheme for 
identification. The colors listed in Table 
II.2 are now in use for identifying gases 
throughout the United States. It is cus- 


tomary to paint the exterior of the entire 
cylinder with the designated color. If 
the cylinder contains a mixture of two 
or more gases, the colors of each gas are 
displayed along the body and shoulder 
of the cylinder. The same identifying 
colors are used for the labels. Chrome- 
plated cylinders which are not painted 
should bear labels which are of the color 
assigned to the gas. 

The color scheme merely identifies the 
gases in the cylinders and not their con- 
centration. For example, carbon dioxide 
and oxygen mixtures are available in the 
following concentrations in percent by 
v-olumes: 95-5, 90-10, 92ij-7i2, 70-30. 
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tabu: II.2 

The color marking of anesthetic gas cylinders recommended by the Bureau of Standards. 


O'cygen 

Carbon dioxide ... . . 

Nitrous oxide . 

Cyclopropane 

Ilciium 

ethylene .. . . .. 

Carbon dioxide and oxygen. . 
Ilciium and oxygen 

The color, irrespective of the concentra- 
tions of these combinations, is always the 
same— grey and green. 

All cylinders shotild be labeled. The 
contents of an nnlabeled cylinder should 
never be used. The label should bear 
the date of filling, the weight of the cyl- 
inder when full, the weight when empty, 
the contents in pounds and ounces as 
well as in liters or gallons. In addition 
the name and address of the manufac- 
hirer, the name of the gas, and qualifi- 
cations regarding purity should also ap- 
pear. Gases used for medicinal purposes 
are labeled U.S.P. if tliey meet the speci- 
fications of this body. 

Pin Index Systems 
The pin Index system is a safeguard 
introduced to eliminate interchanging 
of cylinders and the possibility of acci- 
dentally placing the incorrect gas on a 
yoke designed to accommodate another 
gas. Two pins on the yoke are so ar- 
ranged that they project into two malcdi- 
ing holes on the face of the valve bearing 
the port (Fig. 10.2). The distances and 
posiUons of the two pins on tl\e yoke 
and the holes on the valve are identical. 
Each gas or combination of gases has 
different distances and patterns of ar- 
rangement. Deliberate or unintentional 
attaching of a gas cylinder to a yoke 
intended for another is no longer pos- 
sible witli this system. For example, a 
cylinder intended for carbon dioxide has 


green (W.H.O., white) 

gray 

, • . ... light blue 

... . orange 

. . . broivn 

red (W.H.O , purp'e) 

.. . gray and green 

• .. brown and green 

holes bored on the valve to match the 
pins on the yoke designed to accommo- 
date carbon dioxide. The pins and the 
holes match only carbon dioxide cylin- 
ders and carbon dioxide yokes. Should 
one attempt to place an oxygen cylinder 
on a carbon dioxide yoke, the oxygen 
cylinder will not fit the yoke because 
the pins do not match the holes. The pin 
index system is gradually being adopted 
throughout the United Stales. Manufac- 
turers will DO longer be able to inter- 
change cylinders as tliey did in times of 
emergency or shortage and use one cyl- 
inder designed for a specific gas to pack- 
age another gas. The pin index system is 
obviously designed to augment the prac- 
tice of color identification, labeling and 
other safeguards and not to supplant it. 

Limits ron Fillinc Cixinders 
Tlwre is a limit to which distributors 
are allowed to fill cylinders with com- 
pressed gases. The limitations for filling 
cylinders with liquid agents differ from 
those for non-liquefiable gases. The al- 
lowable weight of h'quid carbon dioxide 
is SB'S of the weight of water necessary 
to fill die cylinder at TO^F. (21 °C.). The 
limitation varies for each liquid agent. 
The limit for nitrous oxide is also 682; 
that for cyclopropane is 552. It is unsafe 
to exceed this limit because excessive 
pressures may develop if the cylinder is 
warmed. The vapor pressure of the 
liquid increases as the environmental 
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temperature increases. For instance, at 
50°F. the pressure of a cylinder filled 
to the limit with pure liquid carbon 
dioxide is 638 lbs. per sq. in., at 70®F. it 
is 838 lbs., at 100®F. it is 1455 lbs. per 
sq. in. Should the cylinder be exposed 
to a still higher temperature, say for 
example, 130°F., the pressure will be 
2365 lbs. per sq. in. Should more liquid 
be present than the allowable limit, the 
pressure could well exceed the maxi- 
mum allowable for that cylinder, and 
rupture of the cylinder might occur 
if it is exposed to a high tempera- 
ture. The maximum allowable quantity 
of drug in filling a cylinder is referred to 
as filling density. Filling density is de- 
fined as the percent ratio of the weight 
of the gas in a container to the weight 
of water the container holds at 70*F. 
Thus, a cylinder with an allowable filling 
density of 50% for a given gas could be 
filled with 10 lbs. of gas if its capacity 
were 20 lbs. of water at 70°F. The 
amount of a non-liquefiable gas which 


may be placed in a cylinder may not ex- 
ce^ the service pressure of the cylinder 
at 70®F. In addition, the cylinder may 
not be filled with any gas whose pressure 
at 130°F. exceeds 111 times the service 
pressure. 

Weight is the only exact index of the 
amount of a gas dispensed to a buyer. 
Pressure, however, is a reasonably ac- 
curate index of the quantity of a non- 
liquefiable compressed gas in a cylinder 
(Fig. 11.2). Gases which can be liquefied 
at room temperature and are dispensed 
as liquids, however, are purchased by 
weight. The pressure recorded on a 
gauge of a cylinder containing a lique- 
fied gas is no index of the amount of 
agent present in the cylinder. The pres- 
sure of the vapor overlying the liquid 
remains nearly constant, at a constant 
temperature, until the last drop of liquid 
in the cylinder has evaporated. The 
vapor overlying the liquid in an E cylin- 
der containing a quantity of nitrous ox- 
ide which is able to expand to 420 liters of 


Fic. 11.2. The pressure of a 
compressed, non-liquefied gas 
decreases in proportion to 
the amount \vithdra^vn from 
a cylinder. 



2 3 
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Fio. 12.2. The change in pressure in a cylinder containing a gas which has been lique- 
fied bears no relationship to the amount of vapor withdrawn. At a constant temperature 
the vapor pressure remains constant until the last molecule of liquid has been con- 
verted to the vapor state. The pressure then decreases in proportion to the amount of 
gas withdrawn. The vapor then behaves as a compressed gas. (See Fig. 11.2.) 

gas at normal temperature and pressure lowing e.xample illustrates: Assume that 
exerts a pressure of 800 lbs. per sq. in. at an E cylinder fiUed with sufficient oxy- 
70°F. The gauge on a cylinder contain- gen to expand to 320 liters at standard 
ing the gas records 800 lbs. presswre wherr conditions exerts a pressure of 2000 lbs. 
half the liquid has evaporated and passed per sq. in. at 70°F. The o.xygen exists as a 
from the cylinder. The gauge still records compressed gas in the cylinder since its 
the 800 lbs. pressure when J* of the liquid critical temperature is below 70°F. As 
remains. It continues to record this pres- the gas is evacuated from tlie cylinder 
sure until the liquid has evaporated com- there is a gradual reduction in pressure 
pletely (Fig. 12.2). The pressure then in proportion to tlie gas used. Thus, 
falls in proportion to the amount of when 160 liters or half the contents are 
vapor withdrawn from the cylinder. The withdrawn, the pressure recorded by the 
vapor remaining after evaporation of the gauge is one-half the original or 1000 
liquid behaves lihe any other com- lbs.; when 80 liters or % of the original 
pressed gas and follows Boyle's Law. volume remains, the pressure recorded is 
When half the volume has been with- 500 lbs. per sq. in. or 3i the original (Fig. 
drawn the pressure will be halved. 11.2). Thus, the reduction in pressure is 
The situation is different when com- in direct proportion to the amount of gas 
pressed oxygen is considered as tlie fol- withdra\vn. The pressure of the nitrous 
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Fig. 13.2. The percentage of ether 
\apor delivered from a bubble 
type of vaporizer. The vapor pres- 
sure decreases as the temperature 
of the liquid falls. Curves were 
constructed from data obtained by 
using a ten liter flow rate of the 
propelling gas through the vapori- 
zer. 



oxide vapor remaining in a cylinder after 
the liquid has completely evaporated be- 
haves in exactly the same manner as oxy- 
gen does when it is withdrawn from the 
cylinder. 

Tempeiutuke Chances in Cylinders 
AVhen a gas under pressure is allowed 
to escape from a cylinder, through an 
orifice, cooling occurs. In the case of a 
compressed gas which is non-liquefiable 
at room temperature most of the cooling 
occurs at or beyond the valve. The cool- 
ing is due to the Joule-Thomson eflfect 
(Chap. 1). In tlie case of a gas which is 
liquefiable at room temperature which 
exists as a liquid in the cylinder, cooling 
occurs both at the valve and in the 
body of the cylinder. In this case, the 
cooling is due to two factors. Tlie cool- 
ing at the valve is due to the Joule- 
Thomson effect as it is with the non- 
liquefiable gas. The vapor under pressure 
escapes through the orifice and behaves 
like a compressed gas. The cooling of the 
body of the cylinder, however, is caused 
by lowering of the temperature in the 
cylinder by the absorption of the heat of 


vaporization necessary to convert the 
liquid into a vapor. Some of this heat is 
abstracted from the body of the cylin- 
der. Cooling of the body is more obvious 
when the cylinder is in a cool environ- 
ment than in a warm one. For example, 
when carbon dioxide is withdrawn from 
a cylinder in which the liquid carbon 
dioxide is at 30®C., the cooling of the 
cylinder is less pronounced than it is 
when the liquid is at lO^C. This is ex- 
plained by the fact that the heat of vap- 
orization of a liquid increases as the 
temperature of the liquid is decreased. 
At 30°C. the heat of vaporization of 
liquid carbon dioxide is almost zero be- 
cause the temperature of the liquid at 
that point is near the critical tempera- 
ture of carbon dioxide. At lO^C. the heat 
of vaporization of carbon dioxide is con- 
siderably greater and greater cooling oc- 
curs because more calories are required 
for vaporization. 

Storage Locations for Cylinders 
It is recommended tliat non-flam- 
mable oxidizing gases which support 
combustion, such as oxygen and nitrous 
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oxide, and inert non-flammable, non-oii- 
dizing gases, such as carbon dioxide and 
helium, be stored separately from those 
wliich are flammable. The reason for this 
recommendation is that the oxidizing 
gases would accelerate the combustion 
of the flammable gases in tlie event of 
a fire because the cylinders would be- 
come evacuated when the Woods metal 
in the safety plug in the valve stem melts. 

VAPORIZERS 

UNDCnLYING PirYSICAI. riUNCITLES 
CoNcmNiNG VAPonizEns 

Vaporizers for liquid anesthetics are 
devices, the importance of which is fre- 
quently not appreciated. More often 
than not, their performance is variable 
and ineflicient. Tlic vapor tensions de* 
livered to the patient are often erratic 
and subject to wide variations. In using 
gases the anesthetist lias always fenown 
the quantity which was being delivered. 
Some metering device has always been 
used to acquaint the anesthetist with the 
concentration being delivered. This has 
not been the case with liquid anesthet- 
ics. 

Two major difficulties are encountered 
with most vaporizers. (1) Unless a vola- 
tile liquid boils below room tempera- 
ture and is potent, the vapor tensions de- 
livered are less than those necessary to 
induce and maintain anesthesia. Difficul- 
ties are often experienced when using 
ether, chloroform or trichlorelhylene be- 
cause these liquids boil above average 
room temperatures (Fig. 35.1). (2) The 
concentration delivered is inconstant 
and varies from moment to moment in 
most vaporizers. If a vaporizer is to be 
efficient the heat of vaporization must be 
supplied steadily, as needed, otherwise 
the temperature of the liquid is de- 


creased and the vapor pressure falls. 
Basically, there are two methods by 
which vaporization of liquid anesthetics 
is accomplished: (1) By warming the 
liquid above its boiling point and con- 
ducting the pure vapor directly into the 
apparatus. This is not necessarily the 
simplest and the most practical method 
but it is the one which approximates the 
ideal in providing a steady, unvarying 
concentration of vapor. (2) By simple 
evaporation. This is accomplished by ex- 
posing a small quantity of liquid over a 
large surface area and exposing this sur- 
face area to a moving gas stream. This 
permits more of the faster moving mole- 
cules in the liquid to escape as a vapor. 
Tlic moving gas stream may bo the pa- 
tients cxlialalion or a flow of gas from an 
exlenial source. 

Evaporation of Volatile Anesthetics 
Most vaporizers which employ the 
principle of evaporation, if used at tem- 
peratures below the boiling point of the 
liquid, deliver an initial maximal output 
when vaporization is first commenced. 
This is followed by a gradual decline 
towards a base level of vapor pressure. 
The temperature of the unvaporized 
liquid decreases and also tends to ap- 
proach a base line. Vaporization is re- 
tarded because the necessary heat of 
vaporization is not supplied in adequate 
amounts from the environment. The 
latent heat of vaporization, that is, the 
number of calories necessary to vaporize 
one gram of a liquid, increases as the 
temperature falls. Thus, not only are 
more calories required for each gram of 
liquid vaporized at the lower tempera- 
tures, but the heat available in the un- 
vaporized liquid is decreased as the tem- 
perature falls. Ultimately, if conditions 
remain unchanged, a point of equilibri- 
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um is reached. At this point both the con- 
centration delivered and the tempera- 
ture of the liquid reach constant values 
(Fig. 13.2). This point of equilibrium, 
however, is seldom attained under or- 
dinary circumstances because as one en- 
vironmental factor approaches equilib- 
rium another which is at equilibrium 
becomes disrupted. There are two ways 
one can be assured of a constancy of 
vapor pressure in an inhaler. (1) The 
liquid is placed in a thermally isolated 
environment. If this is done the exact 
quantity of latent heat of vaporization 
necessary to deliver the desired concen- 
tration of vapor must be supplied (Fig. 
14.2.) (2) The liquid is placed in an en- 
vironment above the boiling point of the 
liquid and from which heat may be 
withdrawn as needed without limit. An 
excess of the pure vapor is thus provided 
at all times. However, this situation ne- 
cessitates a device for measuring and 
controlling the flow rate of the vapor 


into the apparatus. The former condi- 
tions (absolute thermal isolation) are not 
easily attained. Vaporizers based upon 
the latter principle are available, how- 
ever. 

Type of Vaporizers 
Open Drop Techniques 
The technique of vaporizing liquid 
anesthetics ordinarily considered the 
simplest is actually the crudest and least 
efficient. This is the open drop technique. 
In this technique, the liquid is dropped, 
at as nearly a constant rate as possible, 
on a gauze supported by a metal screen 
or grid. The fibers in the gauze, due to 
capillary action, absorb the liquid in its 
meshes. Tlius, a relatively large evap- 
orating surface is created from a small 
amount of liquid. The inspired and ex- 
pired gases are drawn over this surface. 
Vaporizers which utilize the movement 
of the patient s respired gases to evap- 


Fic. 14.2. The time 
required to attain 
the equilibrium tem- 
perature for 100 gm. 
ether and chloro- 
form which are ther- 
mally isolated and 
through which 1000 
ml. oxygen per min- 
ute at 23'’C. are 
bubbled. (Courtesy 
of Albert Faulconer.) 



10 


20 

MINUTES 


30 
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Fig. 15.2. ^V^ck or draw-over type of vaporizer 
The vaporizer Is introduced in a closetl circle 
system either on the inspiratory or expiratory 
side The respired gases pass into the container 
over the wick saturated with the liquid Cases 
are ^varmed by the heat of the absorber. A 
manually operated bypass valve controls the 
amount of gas passing over the wick. 

omte liquid anesthetics are often called 
die “draw over type" of vaporizer. Tlie 
open cone is the simplest of the '“draw 
over" types. In the open cone, the neces- 
sary heat of vaporization comes from the 
respired gases, the supporting metal 
screen and the environmental air. The 
air, thus, serves both as a vehicle for 
carrying the gases and as the source of 
oxygen. During expiration, vaporization 
is accelerated because of the greater 
quantities of heat in the warm exliala- 
tions. Obviously, a sizeable portion of 
the vapor passes into the room atmos- 
phere with the expired gases and is lost. 
On inspiration, the vapor beneath and 
over the mask becomes diluted with air. 
Tlie inspired air is colder than the ex- 
pired air. It is cooled further by passage 
over the cold gauze and screen. Vapor- 
ization on inspiration, therefore, is 


slower than on expiration. Faulconerhas 
measured the temperature which de- 
velops on the cone when ether is ad- 
ministered to an adult by the “open 
cone” technique and has found that it 
varies between — 3® and — 9“C. When 
ethyl chloride is vaporized, temperatures 
as low as — are often attained. It 
js obvious that the vapor tension in the 
''open cone” technique is inconstant and 
fluctuates with the expiratory exchange, 
the variations in temperature of the 
gauze, metal part of the mask, number 
of layers of gauze, the amount of liquid 
in the gauze at a given moment and the 
room temperature. Water vapor in the 
exhaled gases condenses on the mask, 
vvels the gauze and retards vaporization, 
or it may even cause it to cease almost 
completely. Wet gauze on a mask, obvi- 
ously, liampers any attempt to maintain 
a constant inhaled anesthetic vapor ten- 
sion. 

"Wick in Jar Type” 

Closely allied to the open drop tech- 
nique of vaporizing liquid anesthetics is 
the “wick in jar type” of vaporizer com- 
monly found in the closed type of in- 
halers, particularly the circuit type (cir- 
cle filter) (Fig. 15.2). This vaporizer con- 
sists of a wick supported by a wire 
frame, the lower portion of which is im- 
mersed in a transparent container par- 
tially filled with a liquid anesthetic. It 
could be considered an open cone en- 
closed in a jar. As in the open cone, the 
respired gases are drawn over the evap- 
orating surface. It is, therefore, a draw 
over type of vaporizer. The liquid is 
drawn into and between the fibers of the 
xvick by capillary action. The surface 
area and thickness of the wick are de- 
signed according to the volatility of the 
drug used. When vaporizing vinyl ether. 
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which is much more volatile than etliyl 
ether, a shallower container and shorter 
wick are used. The “wick in jar” vapor- 
izer is placed on the exhalation limb of 
the circuit system in some “gas ma- 
chines” and on the inhalation limb on 
others. When placed on the exhalation 
side the ambient gases pass through the 
container over the wick and back into 
the inhaler. A manually operated valve 
permits partial or complete by-passing 
of the exhalations to control the amount 
of anesthetic added to the inhaled mix- 
ture. When the vaporizer is placed on 
the inspiratory limb, the ambient gases 
are drawn from the breathing bag into 
the jar, over the wick and into the 
breathing tube. In this case, the gases 
may be warm, due to contact with the 
soda lime in which case the heat helps 
vaporize the drug. If the vaporizer is on 
the expiratory limb, the heat contained 
in the exhaled gases, if excessive cooling 
does not occur in passing through the 


breathing tubes, may also accelerate 
vaporization of the liquid. The quantity 
of vapor delivered by this type of va- 
porizer is inconstant due to numerous 
variable factors. The variables which 
contribute to this inconstancy are (1) 
variations in the temperature of the ex- 
haled or inhaled gases, (2) variations in. 
the linear flow of the gases, (3) variations 
in the minute volume exchange of the 
patient, (4) variations in the surface area 
of the liquid presented to the exhaled 
gases, (5) variations in the temperature 
of the liquid, (6) variations in the length, 
size, and type of fibers in the wick, (7) 
the ease with which the heat of vapor- 
ization is transferred to the liquid from 
the external environment, (8) the depth 
of liquid in the jar, (9) the heat conduc- 
tivity of the jar, (10) the temperature of 
the room and (11) the water content of 
the wick. In this case, as in the open cone 
technique, water condenses on the wick, 
and, in due time, vaporization ceases 


Fic. 16,2. Temperature com* 
pensated vaporizer. Air is 
drawn into bypass (A) 
through opening (B) into va- 
porizing chamber (C) through 
outlet (D). Vaporization cools 
liquid (E) which causes ele- 
ment (F) to expand and con- 
tract proportionally. This in 
turn varies opening in outlet 
(B) increasing or decreasing 
amount of bypass. Perma- 
nent water jacket (G) assures 
adequate supply of caloric 
energy. Container (H) made 
of metal with high thermal 
conductivitj’ is lined with 
N\ick (I) to enlarge evaporat- 
ing surface. The Epstein, 
Macintosh, Oxford vaporizer 
is constructed in this manner. 


-T" ^ 
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EXHAl,E VALVE 



Fig. 17.2. Ctoss section of a semi-ciosed in- 
Iialer (Cyprane) wsed for administering mix- 
tures of air and vapors of volatile liquids. Dur- 
ing inspiration, air drawn through the ports 
over the surface of the wick lining the con- 
tainer vaporizes the liquid. Valves separate in- 
spired from the expired gases and vapors. Tlie 
ports are adjustable and permit the bypassing 
of vapors so that tlie desired percentage of 
vapor and air may be adjusted. The liquid Is 
stored in the bottom of the container. The 
Duke Inhaler is based upon the same principle. 

unless xvet wicks are replaced with dry 
ones. 

In. the last decade, the draw over type 
of vaporizers have been improved by 
adding automatic thermo compensators 
which cause the aperture in the by-pass 
valve to increase or decrease in size with 
changes in temperature (Fig. 16.2). The 
size of opening is increased when the 
temperature of the liquid in the reservoir 
drops and more of the gas is drawn over 
the evaporating surface. Tlie aperture 
varies in size with the temperature of the 
liquid. A built-in water jacket and cen- 
tral compartment provides the necessary 


heat since water has a high heat ca 
pacily. Wide fluctuations in temperatun 
are averted. When ether is vaporizec 
adequate compensation is obtained 
within the effective range of tempera- 
ture for ether (16-33°C.). 

Cyprane Inhalers 

Certain vaporizers intended for tlie 
self administration of anesthetics (such 
as the Cyprane and Duke Inhalers used 
for tn'chlorelhylene) are of the “wick in 
jar type” (Figs, 17.2, 18.2). Adjustable 
valves vary the amount of inhaled air 
which passes over a wick saturated with 
the liquid. The valve may be adjusted 
to a desired aperture size and locked. 
These vaporizers do not, as is believed, 
deliver a constant concentration of va- 
por. The concentration of vapor de- 
livered, os in the other “wick in jar 
type,” is higher, initially, than after use 
at a given setting. The concentration 
varies with the rate and depth of respira- 
tion, the amount of handling of the con- 
tainer (lieat transfer from patient’s 
hands), the environmental temperature, 
humidity and otlier variable factors. The 
concentration varies for a particular 
setting on a day to day basis. This is due 
to changes in environmental factors. 

DaoppEK Type 

In using the dropper type of vaporizer 
the liquid is introduced directly into the 
inhaler, in the form of drops, from a 
cup-like reserx'oir. A manually operated 
adjustable needle valve regulates the 
number and size of drops delivered (Fig. 
19.2). The liquid spreads into a thin 
film over a vaporizing surface. Tlie 
vaporizing surface is usually a sheet of 
copper screen which has been rolled up 
concentrically. At times wicks are used 
but they are less satisfactoiy. The screen 
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Fic. 18.2. The Duke Inhaler for self.adminislralion of vapors and volatile liquids. 


is placed in the path of respired gases in 
the inhaler, usually close to the soda lime 
absorbers. As is the case of the “wick in 
jar” device, the concentration delivered 
is inconstant because vaporization is in- 
fluenced by such variable factors as the 
linear flow of gases, the minute volume 
exchange of the patient and the environ- 
mental temperature. Much of the heat 
of vaporization is supplied by the reac- 
tion of absorption of carbon dioxide by 
soda lime. Vaporization is less apt to 
progressively decrease as the vaporizer is 
used as it does in the “wick in jar type” 
of vaporizer because of the greater avail- 
ability of heat. One objection is Ae 
lag which occurs from the time of de- 
livery of the droplets into the inhaler 


until they are all completely vaporized. 
If one could be assured that all the liquid 
being introduced into the inhaler is im- 
mediately vaporized, this device could 
be considered as being quantitative. 
However, some of the liquid is not 
vaporized immediately. It remains in the 
mesh of tlie screen, passes into the tub- 
ing and breathing bag and continues to 
vaporize after the flow from the reservoir 
has been stopped. The anesthetist would 
be aware of the exact volume of liquid 
deli^^red if this lag period were not a 
complicating factor. 

Bubble Type 

The bubble type vaporizer is the most 
widely used of all types. In this type, a 
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Fic. 19.2. Drip- 
per type vapori- 
zer. Tlie liquid 
is divided into 
^ drops by the pin 
wive (A) which 
controls tlie wl- 
ume passing into 
the inhaler. The 
flow may be ob- 
sers’ed through the 
window (B). The 
drug Is vaporized 
I over a copper 
screen in tube (C) 
by the current of 
ambient gases in 
the inhaler. Tlie 
tube (D) equal- 
izes tlie pressure over the surface of the liquid 
in the resers'oir with that in tiic inhaler to per- 
mit a free flow. Vent (F) peimits displacement 
of air by the liquid when filling container. 

Stream of a gaseous agent, usually air, 
oxygen or nitrous oxide, is broken into 
fine bubbles and passed through a col- 
umn of the liquid. The vapor passes off 
with the gas. The bubbles provide a 
large evaporating surface by creating a 
relatively enormous gas-liquid inter- 
phase (Fig. 20.2). The finer the bubbles 
the greater the evaporating surface pre- 
sented to the liquid. The bubble type 
vaporizer, as a rule, is the least efficient 
of the vaporizers. The quantity of vapor 
delivered fluctuates widely, due to such 
variable factors as (1) the changes in 
temperature of the liquid as evapora- 
tion proceeds, (2) the size and number 
of the bubbles, (3) the flow rate of the 
carrier gases, (4) the temperature of the 
carrier gases and (5) the depth of the 
column of the liquid through which the 
gas rises. This latter factor is a vital one 
since it determines to a large e.xtent the 
duration of contact of the bubble with 
the liquid. 


Bubble type vaporizers are often 
equipped with hot water jackets which 
are heated by electric hot plates to sup- 
ply the necessary heat of vaporization 
and to prevent the liquid in the reservoir 
from being cooled to the point of ineffec- 
tive vaporization. Tlie bubble type of 
vaporizer is used extensively for insuf- 
flation and semi-closed techniques. As a 
rule, most bubble type vaporizers are 
not adequate for closed system anes- 
thesia because the volumes of gases nec- 
essary to vaporize the liquid are greater 
than can be accommodated by the in- 
haler. 

The duration of contact of the bubbles 
of ambient gas with the liquid is rela- 
tively brief in the bubble types of va- 
porizer. Only a fraction of the theoretical 
capacity of the vapor passes into tlie 
bubble. Increasing the volume of am- 
bient gas through a vaporizer increases 



Fic. 20.2. Bubble type vaporizer. Gases di- 
\'ided into fine bubbles pass through the liquid. 
The vapor passes off with the gas. Jacket (A) 
contains warm water heated by hot plate (B) 
used to facilitate evaporation. 
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the amount of vapor delivered in die 
concentration in the mixture up to a 
point beyond which the percentage de- 
clines. At high flow rates the vapor con- 
centration delivered may be less than 
at low, particularly after the vaporizer 
has been in use some time and tlie liquid 
in the reservoir has cooled. Even though 
the vaporization proceeds without 
change, as far as total quantity delivered 
is concerned, the concentration delivered 
at the higher flow rate may be less be- 
cause, instead of becoming more con- 
centrated, the mixture delivered may be 
diluted. 

“Copper Kettle” 

The heat necessary for vaporization 
of a liquid is supplied from the wall of 
the container which in turn is supplied 
from the external enviroument. Gases 
have low specific heats. The carrier gas 
supplies only a fraction of the necessary 
heat. Reservoirs in most vaporizers us- 
ually consist of glass jars. Glass has a 
low heat capacity and is a poor conduc- 
tor of heat. Besides air has a low specific 
heat and, therefore, can transfer only a 
small fraction of the required calories to 
the glass. The process, therefore, quickly 
comes to a standstill. Thus, only a frac- 
tion of the calories necessary for satis- 
factory vaporization passes to the liquid. 
A container made of a substance which 
conducts heat rapidly and has a high 
heat capacity would obviate this objec- 
tion. Metals would be more satisfactory. 
Aforris has improved the bubble type of 
vaporizer so that it is quantitative in its 
delivery of vapor at low flow rates with 
little change in temperature of the 
liquid in the reser\'Oir and the wall of the 
container. He employs copper for the 
container. Tlie walls are massive. The 
interior, like^\^se, contains a solid, mas- 



Fic. 21.2. New bubble t)‘pe of vaporizer oom- 
monly' referred to as the “copper kettle." The 
high thermal conductivity of copper permits 
transfer of heat from the environment to the 
liquid. The eScfency of this vaporizer is in- 
creased if it is mounted on a brass table top 
from which it readily absorbs the necessary 
heat 

sive core. The kettle rests upon the brass 
table top of the anesthetic apparatus. 
Copper has a relatively high rate of heat 
conductivity. The heat capacity (specific 
heat) is relatively speaking low 0.093 
calories per gram. However, its density 
is 9.0. A cubic centimeter, therefore, 
\veighs 9 grams and holds 0.81 calories 
which are readily transferable. This com- 
pares favorably wth the heat capacity 
of one cubic centimeter of water which 
has a heat capacity of 1 calorie for the 
same volume. However, water is a notori- 
ously poor conductor of heat. Tiierefore, 
the copper is able to rapidly absorb and 
transfer heat from its environment. The 
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Fw. 22.2. E & J type of vaporiser. The amW* 
ent gas divides the liquid into fine droplets 
which evaporate and pass off with the gases. 


heat transfer is largely from the metal 
table top and the frame of the anesthetic 
apparatus. Little is supplied from the air 
surrounding the kettle since air is a poor 
conductor of heat and possesses a low 
capacity. Morris has introduced one 
other modification of importance in the 
copper kettle. A sintered bronze disk 
known as porex is used to form the 
bubbles. These are extremely minute. 
Thus, a very small volume of gas may be 
converted to thousands of small bubbles 
and present an enormous surface to the 
evaporating liquid. Tlie copper kettle is 
quantitative at flow rates not to exceed 
250 cc. of gas per minute. At higher 


flow rales heat utilization exceeds heat 
supplied. Tlie temperature falls and the 
vapor pressure changes. Oxygen is used 
as the carrier gas. Oxygen for the met- 
abolic needs of the patient is supplied 
by an additional flow meter provided 
for the purpose. Although designed pri- 
marily for the vaporization of ether for 
use in semi-closed inhalers the copper 
kettle may be used for other volatile 
liquids, such as halothane and in the 
closed system. Epstein and his associ- 
ates liave devised a vaporizer embody- 
ing the use of copper and water. A per- 
manent water jacket composed of cop- 
per surrounds the ether reservoir Fig. 

16.2) . The copper draws upon the abun- 
dant stores of heat of the water to supply 
the necessary heat. A metal temperature 
compensator dips into the ether which 
contracts os it cools. This widens the port 
which admits more carrier gas into the 
vaporization chamber and compensates 
for the fall in tension of the vapor be- 
ing supplied, Such temperature compen- 
sated vaporizers are being used more 
and more. 

ATOMIZEn T'iTE 

In some vaporizers, the gas is forced 
through a jet and the liquid is nebuh'zed 
into a very fine mist which then evap- 
orates to form the gaseous phase Fig. 

22.2) . The principles involved are the 
same as in the bubble type of vaporizer; 
namely, tliat a large evaporating surface 
is provided from which the molecules 
pass as a vapor. Instead of dividing the 
propelling gas into bubbles and passing 
them tlirough the liquid, the reverse is 
done. The liquid is finely divided into 
small particles and presented to the gas. 

A gas-liquid interphase of a large sur- 
face area forms. The same quantities of 
energy are required for vaporization as 
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if the gas were bubbled through the 
liquid. The same problems, namely, those 
of inadequate heat transfer and the rise 
of high flow rate of ambient gas are 
present in this type as are found in the 
bubble type vaporizer. 

Oxford Type Vaporizer 
The Oxford type of vaporizer is de- 
signed so that a reservoir for the liquid 
is placed in an environment whose tem- 
perature exceeds the boiling point of the 
liquid (Fig. 23.2). The pure, undiluted 
vapor, in measurable quantities, is thus 
delivered to the apparatus. The situa- 
tion is akin to that of using a liquefiable 
gas, such as nitrous oxide, in a container, 
in an environmental temperature above 
the boiling point of the liquid. Crystals 
of certain chemicals, for example hy- 
drated calcium chloride or paradichlor- 
benzine, melt when placed in a container 
sunovmded by a jacket filled with hot 
water. The container for the anesthetic 
is surrounded by the molten chemical. 
Tlius, from within outward are the 
liquid to be vaporized, the chemical and 
the hot water. Tlie chemical absorbs 
heat from the water and becomes molten. 
As the chemical solidifies, lieat is liber- 
ated and imparted to the liquid anes- 
thetic which is then heated above its 
boiling point. Solidification of the chemi- 
cal occurs gradually so that all the heat 
is not released at one time. The chief 
advantage of such a vaporizer is that the 
volume of vapor delivered may be meas- 
ured with a flow meter. The chief ob- 
jections are that it is cumbersome and 
that vapor condenses in the flow meter 
and the mixing chamber unless they, too, 
are surrounded by the molten chemical 
and maintained above room tempera- 
ture. After mixing the vapor with o^gen 
or other gases there is sufficient dilution 



Fic. 23.2. Schematic representation of chemi- 
cal heater used for volatilizing liquid anes- 
thetics. The pure vapor is delivered because 
the temperature of the environment exceeds 
the boiling point of the liquid. The liquid is 
placed in the inner container (C). The outer 
container (A) is filled with hot water which 
melts a chemical, such as hydrated calcium or 
paradichlorbenzenc in container (B). As the 
molten chemical cools it crj-stallizes and re- 
leases the heat of crj'Stallization. This is im- 
parted to the liquid to be vaporized. The flow 
of vapor is controlled by a valve. The quantity 
delivered may be measured by a SowToeter. 
The Oxford Vaporizer is based upon this prin- 
ciple. 

to overcome condensation in the delivery 
lube, even though it is at a room tem- 
perature. 

Deficienctes of Vaporcebs fob 
Liquid Asestjietics 
The following are some of the diffi- 
culties and objections not previously 
mentioned which one encounters in 
using vaporizers and some of the precau- 
tions suggested when \'aporizing liquid 
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anesthetics: (1) The use of healing de- 
vices for vaporizing liquid anesthetics 
may l)e hazardous, particularly in tlie 
“bubble" ty|3e of vaporizer. Undiluted 
vapors distill into the inhaler if the 
source of heat is not removed when the 
flow of propelling gas is discontinued. 
(2) The rate of oxidation of many liquid 
anesthetics is increased when the liquid 
is warmed, particularly when pure oxy- 
gen is used for insufilation. Peroxides 
and aldehydes may form from ethers 
and phosgene from halogenatcd hydro- 
carbons. These peroxides may ignite 
spontaneously or are toxic. (3) Gases 
forced tlirough the liquid often contain 
water vapor which condenses In the res- 
ervoir and contaminates the liquid or 
wets the vaporizing surface. (4) Certain 
drugs, ethyl chloride for example, boil 
at unusually low temperatures. They cool 
the vaporizing surface below the freez- 
ing point of water. The exhaled water 
vapor then freezes on tlie mask. Hhs 
may be avoided by reducing the vola- 
tility of tlie liquid or by lowering the 
freezing point of water. The addition of 
alcohol to the liquid prevents freezing of 
water on the mask. 

HYGROMETHY 

Absolute and Relative HuMrorrY 
Hygrometry is that branch of physics 
concerned with the measurement of the 
quantities of water vapor in the atmos- 
phere. The degree of saturation is called 
humidity. Humidity is absolute or rela- 
tive. The mass of water vapor which is 
present, at a given temperature, at com- 
plete saturation in a unit volume air is 
kno\vn as the absolute IxumidiUj. Abso- 
lute humidity is expressed in terms of 
grams of water per liter of air (or other 
units of weight and volume) at a given 


temperature and pressure. As a rule, 
complete satuation of a mass of air with 
water vapor is not always attained. The 
ratio between the mass of vapor actually 
present in the atmosphere to that which 
the atmosphere is capable of holding, if 
saturated at a given temperature, is 
known as the relative humidity. Thus, if 
a unit volume of air at 20°C. and normal 
pressure is capable of holding four grams 
of water when saturated, but actually 
holds two, the ratio of theoretical ca- 
pacity to actual capacity is 4:2 or 50% 
of complete saturation. Relative humid- 
ity is expressed in terms of percent satu- 
ration. Thus, a relative humidity of 50% 
at 20'’C. indicates a given volume of air 
actually holds SOIS of the vapor ft could 
hold at that temperature. 

Vapor Pressure of Water 

Tlie vapor pressure of water at its 
saturation point varies with temperature. 
The water content of the atmosphere in- 
creases as the temperature rises if suffi- 
cient water is available to saturate the 
air during tlie temperature rise. When 
the atmosphere is completely saturated 
with water vapor at a given temperature, 
the relative humidity is said to be 100%. 

DETEIIMINATION of HUMIDnT 

Humidity may be measured with in- 
struments known as hygrometers. Sev- 
eral types of hygrometers are available. 
Tliese instruments operate upon chemu 
cal or physical principles. In the chemi- 
cal methods of hygrometry, the quantity 
of water vapor is determined by passing 
a measured quantity of air through a 
series of previously weighed tubes con- 
taining a known weight of dehydrating 
agent such as calcium chloride or con- 
centrated sulphuric acid. Tlie chemical 
absorbs the water after which the tubes 
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are again weighed. This is a direct meth- 
od which is highly accurate but too 
tedious and time consuming to execute 
for routine, clinical work. Freezing the 
water vapor with solid carbon dioxide 
and weighing the ice formed is an alter- 
nate method which may be used in- 
stead of chemical absorption. Less cum- 
bersome, but admittedly less precise, 
methods have been devised for routine 
clinical application. The accuracy is suf- 
ficient for clinical and household pur- 
poses, however. 

Dew Point 

The relative humidity of a given mass 
of air decreases as the temperature rises 
and increases as the temperature is low- 
ered if the vapor content of a unit mass 
of air remains nearly constant. If the 
temperature is lowered sufficiently, a 
point is reached at which the relative 
humidity becomes 100%, at which point 
condensation occurs. The water mole- 
cules become too numerous to remain in 
a vapor state at that temperature. They 
lose speed, come closer together and 
coalesce. The temperature at which con- 
densation begins is called the dew point. 
Tables and graphs have been prepared 



Fig. 24.2. Apparatus 
for determining dew 
point. Air is bubbled 
through an easily vola- 
tilized liquid, such as 
ether, in a thin walled 
vessel. The tempera- 
ture of the liquid falls 
and cools the wall of 
the container. The 
moisture in the atmos- 
phere condenses on the 
exterior when the tem- 
perature of the glass 
wall reaches the dew 
point. 


from data obtained by direct chemical 
methods. From these the relative hu- 
midity of atmospheric air may be inter- 
polated if one knows the temperature of 
both the atmosphere and the condensing 
surface. Humidity may be determined 
by the method of dew point. Dew point 
may be determined as follows: A cur- 
rent of air is blown through ether or 
some other highly volatile liquid con- 
tained in a thin walled receptacle (Fig. 
24.2). The evaporation cools the liquid 
which in turn cools the surface of the 
container. When the temperature of the 
wall of the container is reduced to the 
dew point, the water vapor condenses 
on the outer surface. Thus, after deter- 
mining the temperature to which the at- 
mospheric air must be cooled to cause 
condensation of the contained water 
vapor, the relative humidity may be de- 
termined by referring to the prepared 
tables. This type of hygrometer was de- 
vised by Regnault. 

Wet-Dnj Bulb 

The most common and practical meth- 
od of determining relative humidity for 
clinical purposes is by the use of a 
hygrometer composed of a wet and a 
drij bulb thermometer (Fig. 25.2). Two 
thermometers of identical construction 
are mounted side by side. One is ex- 
posed to die atmospiieric air; the other 
has wrapped about its bulb a wick which 
is moistened and extends into a vessel 
containing water. The bulb of the “wet” 
thermometer is constantly moist due to 
the capillarity of the wck. This tj'pe 
hygrometer is also called a pst/chrom- 
eter. In an atmosphere of low relative 
humidity, the water evaporates rapidly 
and causes a marked fall in temperature 
on the “wet” thermometer. A difference 
Urns exists between the readings of the 
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B 1 ■ thermometer used 
rl ’’I R M 9 determining hu- 

9 Richard Foreggei.) 

“wet” and dry bulb. In an atmosphere 
which is saturated with water vapor, 
evaporation prooceeds slowly or not at 
all. The difference in temperatures regis- 
tered by the two thermometers, then, 
varies only slightly or not at all. Here 
again, one refers to tables prepared by 
using a chemical hygrometer. Tlie tem- 
perature differences and the temperature 
of the dry bulb may be interpolated in 
terms of percent saturation. The drier 
the air, the more rapid the evaporation 
and the greater the differential between 
the two thermometers. The air must be 
passed over the wet bulb at a substantial 
velocity in order to obtain valid meas- 
urements— a minimum of 900 ft. per min- 
ute. 

Miscellaneous Methods 

Other devices for determining the 
moisture content of atmospheric air uti- 
lize fibers of human hair which change 
length as they gain or lose moisture. 
This change in length operates a system 
of levers which is translated in terms of 
relative humidity on a clock-like scale. 
The continuous recording hygrometers 
operate on this principle. An inkwriting 
lever makes a record on a clock-like scale. 
The fine, well constructed of these may 
be extremely precise. The common ordi- 
nary varieties for household use are 


grossly inaccurate, as a rule, and not sat- 
isfactory for clinical use. 

Other methods of hygrometry employ 
certain types of crystals which dissolve 
in moist air and precipitate in dry air 
Otliers use chemicals which have one 
color in moist and another in dry air. 
Cobalt compounds, impregnated on 
paper for example, are pink in moist air 
and blue in dry air. None of these is 
suiliciently sensitive or accurate for clini- 
cal purposes. Measuring the thermal con- 
ductivity using a \Vnieatslone Bridge, or 
measuring the electrical resistance of salt 
films may also be used to determine hu- 
midity. Variations are proportional to 
moisture content. Tliese methods are not 
practical for clinical use. 

IlUMroinCATION 

Humidification is the addition of water 
vapor to anhydrous gases. It is an essen- 
tial and an indispensable part of anes- 
thesiology and inhalation therapy. Most 
compressed gases are anhydrous, and, 
unless humidified cause desiccation of 
the mucous membranes. 

Vapor Pressure of Water in 
Air and Tissues 

It has been mentioned previously that 
water molecules pass from tlie surface 
of water exposed in a vessel to the over- 
lying air. The partial pressure exerted by 
Uie molecules of water vapor depends 
upou their number, which in turn, de- 
pends upon the environmental tempera- 
ture. In a closed system an equilibrium 
is established so that, at a given tem- 
perature, as many water molecules re- 
turn to the liquid as escape into the 
overlying air. The air, then, is saturated. 
The weight of water vapor per liter of 
saturated air varies with tlie tempera- 
ture. A liter of anhydrous air is heavier 
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than a liter of moist air. A gram molecu- 
lar s-olinne of vrater snpor weighs IS 
grams; one of air 2S.S3 grams. Each 
n'ater molecule displaces a heavier on- 
gen or nitrogen molecule in a given 
volume of air in the process of humidifi- 
cation. This accounts for the decrease in 
weight, since ^vate^ is lighter than either 
nitrogen or on-gen. This also explains 
the reason for the decrease in barometric 
pressure noted when the air becomes 
moist prior to a change in weather. 

The tension of water \-apor in the pul- 
monaij' ab-eoli at 37.5'C. is 47 mm. Hg. 
TTie tension of water ^■apo^ in inhaled 
air and other gases is always less than 
47 mm. Hg because these gases are at 
room temperature and do not, e>’en if 
saturated, contain as much water \-apor 
as air at body temperature. At 21®C., for 
example, the vapor tension of water is 
18.6 mm. Hg. Coosequentl}’, ei. en if in- 
haled air is 100? saturated it contains 
less water than the lung air. As it be- 
comes wanned it can talce up more water. 
Some water vapor would be lost from 
the tissues if it remained in contact long 
enough. However, it would not be as 
much as if the air were diy-. In closed 
sj-stems designed for total rebreathing in 
which alkali is used to absorb carbon 
dio.xide the relative humidity is close to 
100%. This is due primarily to the libera- 
tion of water by the neutralization of 
carbonic acid by the hydroxides during 
absorption. Some of the water vapor 
also comes from the exhaled air. How- 
ever, the temperature is still less than 
S7°C. and the pressure gradient for 
water vapor is still from the lungs to air. 
Humidification is not necessat)’ in units 
designed for total rebreathing because 
the water loss is of small magnitude and 
is tolerable. Tecliniques of inhalation 
therapy, particularly those utilizing in- 


suSation and the semi-closed inhalers, 
in which anhydrous gases are used at 
high flow ratK, require humidification 
if used for protracted periods of time. 

Methods of Humidificatiok 

Humidification of inhaled gases mav 
be accomplished in one of three ^va^•s: 
(1) The gas may be diN-ided into fine 
bubbles and passed through a column of 
water. The principle involved is identi- 
cal to that imderh-ing vaporizers for 
liquid anestlietics. This is tlie most com- 
mon method and uill be discussed in 
more detail l.'iter. (2) The >rater may be 
di\-ided into fine particles by a fast 
flowing stream of gas by using a nebu- 
lizer. Water and other liquids dhided 
into fine particles in such a manner are 
referred to as mists. (3) Steam may be 
allowed to come into contact with cold 
air so that it condenses into fine particles 
of moisture. Such a condensation of 
moisture particles from a vapor is called 
a fog. Tovell and his associates have pro- 
duced fog for therapeutic purposes by 
causing live steam to intermingle witli 
air drawn over a refrigerating unit. 

Size of Moisture Particles 

Moisture in the air is invisible unless 
it is present in the form of a fog or mist. 
Visible fog contains particles from a 
fraction of a micron up to 40 microns in 
size. Mists may contain particles up to 
100 microns in diameter. The particles of 
moisture in fogs and mists tend to settle 
out or coalesce into larger drops which 
fall out of the gaseous phase. If mists 
and fogs are inhaled, particles of 80 mi- 
crons diameter or larger are baffled out 
in the nasopharjux and the trachea, 
tliose between 10 and 30 microns pass 
into the terminal broncliioles, those be- 
frveen 3 and 10 microns pass info the 
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alveolar ducts and those between 0.5 and 
3 microns pass into air sacs. Those 
smaller than 0.5 pass in and out of die 
air sacs because they are light. Solutions 
of detergents and various drugs may be 
nebulized and inhaled. Fogs arc used for 
moistening the mucous membranes and 
fluidifying secretions. 

Bubble Ilumidiflcrs 

Humidification of gases by bubbling 
them through water is rarely complete 
because vaporization proceeds slowly. 
The heat of vaporization of water is 
higher than it is for most liquids so that 
heat exchange, particularly if glass jars 
are used, proceeds slowly. The vapor 
pressure of water at room temperature 
is low compared to other liquids, such 
as ether, because the boiling point is 
considerably higher. Tlic size and num- 
ber of the bubbles, the depth of the 
column of water through which they 
pass, the duration of contact with the wa- 
ter and the temperature of both the gas 
and water are important factors. Evapo- 
ration of the water occurs at tlie surface 
of the bubble. Tlie more bubbles which 
form from a unit volume, tlie greater the 
surface from which evaporation occurs. 
A disk with multiple perforations is ordi- 
narily used for most humidifiers. Some 
have a porous metal or stone disk. This 
causes the formation of a multitude of 
extremely fine bubbles. The greater the 
number of bubbles, tire greater the evap- 
orating surface. One may understand 
how enormous a surface is obtained by 
subdivision of a particular volume of gas 
from the following example: One cc. of 
a substance contained in a 1 cm. cube 
would have a surface of 6 square centi- 
meters. If this is divided into one milli- 
meter cubes, one thousand cubes would 
result. Each of the thousand resulting 
cubes has an area of 6 square milli- 


meters. A total surface of six thousand 
square millimeters would, therefore, re- 
sult. Even thougli gas bubbles are 
spherical, and the surface per unit mass 
is less than that of a cube of equal vol- 
ume, tlie same principle of such a sub- 
division would nevertheless apply. The 
efficiency of humidifiers, therefore, can 
be increased by dividing tlie gas into 
extremely fine bubbles and passing them 
into the humidifying jar. An index of the 
efficiency of humidifiers can be judged 
by the amount of water they vaporize 
in relation to gas flow. Obviously, a 
humidifier is inefficient if the water 
slowly disappears or does not disappear 
at all. 

The following is an example of the 
amount of water used in a humidifier. 
The vapor pressure of water at 21®C. is 
18.65 mm. Hg. If the relative humidity 
were 50^ the vapor tension would be 
9.32 mm. Hg. At 760 mm. Hg atmos- 
pheric pressure this is approximately 
1.2® of the total or .0087 grams of water 
per liter of air at this temperature and 
relative humidity. A flow of 5 liters of 
oxygen per minute should evaporate 2.4 
grams of water per hour to maintain a 
relative humidity of 30® at 21 “C. 

Some anesthetists have the misconcep- 
tion that hydraulic ("wet” or aqua) flow- 
meters humidify gases as well as meter 
them. This is true to a limited extent in 
the “sight feed” flowmeter because the 
gases bubble through water. The water 
depression type of meter exposes little 
or none of the ambient gas to the water. 
Tlierefore, no appreciable humidification 
occurs in this type. In such a flowmeter 
tlie water level changes slightly, if at 
all, even through prolonged, intense use. 

MEASUREMENT OF GAS VOLUMES 

The accurate metering of gases is 
necessary to insure mixtures of proper 
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proportions. The importance of this in 
anesthesiology and inhalation therapy is 
obvious. There are a variety of methods 
and instruments available for measuring 
gas volumes. In anesthesiology and in in- 
halation therapy gas volumes must be 
measured as gases are being withdra\vn 
from a reservoir. The rate of flow is de- 
termined by devices called floiometers. 
These will be described further on. 

Gases Which Are Static 

Gases which are static are usually 
measured by a variety of methods. One 
of the commonest is to use the displace- 
ment technique. A buret is filled with a 
displacement medium, such as water or 
mercury. The gas passes into the buret 
and displaces the water or mercury. In 
physiological studies, respired gases are 
measured by means of spirometers, cali- 
brated hags or bellows. These techniques 
are described in text books on methods 
of clinical research and will, therefore, 
be omitted from this discussion. 

Ambient Gases 

Flo^vmeters used for industrial and 
engineering purposes differ from those 
used in anesthesiology. The so-called 
test meters are composed of bellows of 
equal volume contained in a metal re- 
ceptacle. The gas passes into one bel- 
lows and forces the other to contract. 
When the first bellows fills it trips a 
lever and the stream of gas is then di- 
verted to the second bellows. The move- 
ment of the bellows operates a mecha- 
nism which records the volume which 
passes through on a dial. The thermo- 
anemometer is also used in industry. It 
utilizes the principle that the electrical 
resistance of a metal is a function of the 
temperature. A wire heated by supply- 
ing it with an electrical current at a 
constant rate and voltage is inserted into 


a flowing gas stream. The wire is cooled 
below its normal temperature by the 
ambient gas. The degree of cooling de- 
pends upon the temperature, specific 
heat and velocity of the flowing gas. This 
temperature change can be translated 
into terms of gas flow. Flowmeters based 
on the Venturi principle are used to 
measure bulk flow. Magnetic flowmeters 
are also available. However, none of 
these devices is applicable clinically. 

Flowmeters Used in Anesthesiology 
In the flowmeters used for anesthesi- 
olog)' a gas is allowed to pass through 
an orifice. A pressure difference results 
which is translated in terms of flow rate. 
A knowledge of the physical principle 
concerning gases, discussed in the pre- 
vious chapter, is necessary to understand 
the manner in which flowmeters operate. 
In medical practice and in anesthesi- 
ology, in particular, gas flow rates are 
expressed in liters or cubic centimeters 
of flow per minute. The practice of ex- 
pressing flow rates in gallons per hour, 
common heretofore, has fallen into dis- 
use in the United States in anesthesia 
practice. 

Types of Flo>vmeters 

Flowmeters used in clinical anesthesia 
are of two basic types, Tlie first type is 
referred to as the fixed orifice type. It is 
also known as the variable pressure dif- 
ference type and tlie fixed area type. 
This t^pe consists of a tube with a con- 
striction which is a true orifice inter- 
posed between the source of the gas and 
the point of debvery. A difference in 
pressure develops between the two sides 
of the orifice as the gas flows through it. 
This pressure difference is measured by 
some device, usually a manometer or a 
pressure gauge placed at the upstream 
part of the lube proximal to the orifice. 
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The pressure difference increases \vith 
the flow rate. The units of pressure dif- 
ference are translated into terms of flow 
rate. The markings on the pressure meas- 
uring device are in terms of flow rate 
and not of pressure. 

The second type is referred to as the 
variable orifice type. It is also called the 
fixed pressure difference type, the vari- 
able area type or the inconstant orifice 
type. This type consists of a tube with 
an orifice whose cross-sectional area 
varies. The pressure difference on either 
side of the orifice remains constant. The 
variations in orificial diameter are deter- 
mined and translated in terms of flow 
rate. The manner in which this is ac- 
complished is discussed later. Most flow- 
meters used for clinical anesthesia and 
inhalation tlierapy embody one or the 
other of these two basic principles. 

Effects of Density and Viscosity on 
Flow Rates 

Many factors influence the accuracy 
and precision of flowmeters. In the fixed 
orifice type the nature of the constriction 
is important. If the thickness of the ori- 
fice (length) is negligible compared to 
the diameter, the obstruction may right- 
fully be classed as an orifice. The flow 
rate, then, is influenced by the density of 
the gas; viscosity plays a minor role. 
Should the constriction be elongated, 
and, instead of being an orifice, be a nar- 
row tube, tlie flow rate would be influ- 
enced to a large extent by viscosity, and, 
to a lesser extent, if at all, by density. In 
either case, the passage of the molecules 
is impeded and the pressure proximal to 
the constriction increases and continues 
to increase as additional gas is admitted 
from the source of supply. Carbon di- 
oxide (M.W. 44) and cyclopropane 
(M.W. 42) are nearly alike in regards to 


density. Their (relative) viscosities com- 
pared to water, however, differ consid- 
erably, being 0.015 and 0.0087 respec- 
tively. Nonetheless, their flow rates 
tlirough orifices of the same diameter, un- 
der comparable conditions, are nearly 
alike. On the other Iiand, a mixture of 80% 
licUum and 20% oxygen has nearly the 
same viscosity as oxygen. The viscosity of 
oxygen is 0.020; that of the helium-oxy- 
gen mixture is nearly 0.019. Their densi- 
ties, however, difi'er; oxygen M.W. 32, 
helium is 4. Inasmuch as flow rates 
through orifices depend on density and 
vary inversely as the square roots of 
the molecular weight (\/M-W.Oj / 
yM.W.He) under comparable circum- 
stances, nearly three times the volume of 
the helium-oxygen mucture would pass 
through an orifice of unit size in a un it 
period of lime as would o\)'gen (V32 / 
V4). 

Fixed Orifice Tjpe of Flowmeters 
The pressure difference between the 
two sides of the orifice increases as addi- 
tional gas passes from the reservoir. The 
flow rate is proportional to the square 
root of the pressure difference. To illus- 
trate: a unit volume of gas flowing 
through an orifice of unit diameter de- 
velops a pressure difference of one unit. 
The flow is then increased so that a four- 
fold Increase in pressure difference de- 
velops. The flow rate, if measured, is 
found to be y/4, that is, 2 units (Fig. 
26.2). If the flow is such that a sixteen 
fold pressure difference develops the vol- 
ume delivered is V16 or 4 units. The 
pressure differences which develop when 
gases of dissimilar densities flow through 
an orifice of a fixed diameter at identical 
rates var)' with the density. The lighter 
gas develops the lesser pressiore other 
tilings being equal. In comparing the 
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volumes delivered of two gases, one 
lighter than the other, the pressure dif- 
ferences vary inversely as the square 
roots of the densities of the gases. To 
illustrate: one unit volume of oxygen 
(M.iy. 32) flo^ving through an orifice of 
unit diameter creates a pressure differ- 
ence 4 times that created by a unit vol- 
ume of hydrogen (M.W. 2) flowing under 
comparable circumstances, since ojy'gen 
is 16 times denser than hydrogen 
= 4). The flow rate of hydrogen at the 
same pressure difference through the 
same sized orifice would be Uvice that of 
oxygen (Fig. 27.2). The less the density 
of a gas, the smaller the orifice neces- 
sary to permit passage of a unit flow rate 
per unit of time. The flow rate is pro- 
portional to the diameter of the orifice. 
At a constant unvarying pressure differ- 

UNITS OF PRESSURE 



Fig. 26.2. The rate of flow of a gas through an 
orifice is proportional to the square root of the 
pressure proximal (upstream) to the orifice. 



Fic. 27.2. Two gases of unlike densities flow- 
ing at a constant rate through an orifice of unit 
size develop pressure differences which vary 
inversely as the squ.nre roots of their densi- 
ties. 

cnce the flow rate is proportional to the 
square of the diameter of the orifice. A 
large orifice is necessary in constructing 
flowmeters ^vhich measure high flow 
rales; a small one for low flow rates. 

Variable Orifice Type Flotvmeters 
The variable orifice type of flowmeter 
consists of an elongated, usually trans- 
parent tube whose lumen tapers and ex- 
actly accommodates a spherical body, 
known as a "float,” at its narrowest por- 
tion, The tube is arranged vertically with 
the widest portion uppermost. The gas is 
admitted at the lowermost portion and 
conducted away to the inhaler from the 
top. When no gas is flowing the float 
rests at the bottom of the tube. WTien 
gas Erst enters the tube enough pressure 
must develop to overcome the weight of 
the float and raise it off the bottom. A 
pressure difference de^'elops between 
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ORIFICE PRESSURE VOLUME 
DIA. DIFF. DElT 


16 I 256 

Fic. 28.2. The flow rate of a fluid 
through a variable orifice varies in- 
versely ns the diameter of the ori- 
fice provided the pressure differ- 
ence between the two sides of the 
orifice remains constant. 

2 I 4 


8 I 64 

4 I 16 


the bottom and top of the sphere caus- 
ing it to rise in the tube and be sus- 
pended on a cushion of gas. Tlie space 
between the float and the walls of the 
tube increases in size as the gas flo^v in- 
creases and the float rises higlier in Uie 
taper. The float ceases to rise when the 
pressure on the underside is sufficient to 
balance the effects of gravity upon the 
float (Fig. 29.2). This elevation of tire 
float in tlie tube causes an increase in tlie 
cross-sectional area of the space between 
the float and the tube and causes the pres- 
sure to fall (Fig. 29.2). Thus, as each ad- 
justment in flow is made, the pressure 
on the underside of the sphere is read- 
justed to that value necessary to keep 
the float suspended. Since the cross- 
sectional area of the space between the 
walls of the tube and the float varies 
with the position of the float, the term 
variable orifice is used to designate tliis 
type of unit. The pressure difference be- 
tween the top and bottom necessary to 


)^<iep a float suspended is the same, for a 
given float, at any position in the tube. 
T|ie pressure, therefore, remains con- 
stant when the flow is varied and ad- 
justed to the equilibrium point. For this 
reason, these flowmeters are often called 
cons/anf pressure flowmeters. The widest 


Fk;. 29.2. Tbe 
pressure be- 
tween ihe top 
and the bot- 
to>n of the 
float of a vari- 
able onfice 
flow meter af- 
ter equilibri- 
u®! is attained 
following 
ch.'inges in 
flow rale, is a 
cotistant at 
portion of 
a tapered 

tohe. 
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Fig. 30.2. A spherical float creates 
an orifice whose thickness is a cir- 
cumferential line corresponding to 
its equator. Theoretically the clear- 
ance between the sphere and the 
tube is a true orifice. A cylindrical 
float creates a tubular opening 
(shaded area). 




portion of a spherical float is the circum- 
ferential line which corresponds to the 
equator of the sphere. The width of this 
line is relatively insignificant. Tlie clear- 
ance behveen it and the sides of the 
tube theoretically constitutes a true ori- 
fice. Actually some turbulence enters into 
the picture at this zone (Fig. 30.2). 

The float need not be spherical. In 
some flowmeters the float is cylindrical, 
conical or in the form of a disk. The 
form, weight, and the size of the float 
and the angle of inclination of the taper 
of the tube are factors which determine 
the accuracy and performance of this 
type of flowmeter. Inasmuch as the pres- 
sure difference in a variable orifice flow- 
meter is equal to tlie pressure of the 
gases on either side of the float plus that 
necessary to suspend the float in the 
tube, it is obvious that the heavier the 
float the greater the pressure difference 
necessary to suspend the float and the 
less sensitive the instrument. These fac- 
tors are discussed further on. 

When the diameter of an orifice is 
varied in the manner which has just 
been described and the pressure differ- 
ence remains constant, the flow rate of a 
gas varies as the square of the diameter 
of the orifice (Fig. 29.2). To illustrate: 
Suppose an orifice of one unit diameter 
admits a gas at a flow rate of one unit 
volume per unit time when the pressure 
difference on one side of the orifice is 
one unit. If tlie diameter is increased 
twofold with no change in pressure dif- 


ference a fourfold increase in flow rate 
results (Fig. 29.2). Quadrupling the di- 
ameter, with the pressure difference re- 
maining constant, causes a sixteen fold 
increase in flow rate. 

Effects of Impedance to Flow on 
Flow Rate 

Flowmeters are calibrated to dis- 
charge into space \vithout impedance. 
Usually they discharge into a space con- 
taining a gas close to normal atmospheric 
pressure, that is, at 760 mm. Hg and 
room temperature {23®C.). The figures 
on the scale indicate the volume the gas 
will occupy at normal atmospheric pres- 
sure and room temperature. Scales of 
flowmeters used above or below atmos- 
pheric pressure require revision and cor- 
rection. Flowmeters designed to be used 
when resistance to flow is present in the 
line are called pressure compensated 
flowmeters. Hiese are discussed later. 

Although the foregoing discussion has 
been concerned with ideal situations, it 
must be remembered that it is virtually 
impossible to construct an ideal orifice. 
In many devices the constriction is in 
the form of a narrow tube rather than a 
true orifice. Under these circumstances 
viscosity, in addition to density, plays a 
role in altering flow rates. These factors 
are discussed subsequently. 

Individual Types of Flo^vmefers Used 
for Aneslhesiolo^ 

There are as many designs of flow- 
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Fic. 31.2. The flow rate 
of a fluid varies as the 
square of the diameter 
of the orifice if the pres- 
sure propelling the fluid 
remains constant, 


meters as there are manufacturers of 
anesthesia apparatus. Such terms as hy- 
draulic flowmeters, dry flowmeters, rota- 
meters, bobbin t)’pe flowmieters, gauge 
t)’pe flo^vmeters and so on have been in- 
troduced to describe the currently used 
units. Many anesthesiologists refer to the 
type of flo\vmeter by the name of the 
manufacturer. Basically, even though 
flowmeters diS^er in detaOs of construc- 
tion, they all embody either the principle 
of the fixed orifice or the variable (in- 
constant) orifice. 


Hydraulic (Constant Orifice) 

Flowmeters 

Inside Flowmeters 

The terms “hydraulic,” “wet flow- 
rneler” or “aquameter” are apph'ed to a 
type of flowmeter introduced and sup- 
plied by Foregger. This is a fi.xed orifice 
type of device which employs a water 
manometer to measure the pressure de- 
veloped by a gas as it passes through an 
orifice. Tlie design lcno\vn as the "inside 
flowmeter" consists of a slender, elon- 
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Fic. 32.2. Schematic representa- 
tion of an inside floNvrneter. The 
glass tube (A) is placed vertically 
at right an^es to the delivery tube 
(B) and proximal to the orifice (C). 
The tube is immersed in wafer in 
a transparent container (D). The 
flow of a gas through (B) causes a 
rise in pressure in the area proxi- 
mal to the orifice and forces the 
meniscus (E) dosvnward. The flow 
rate (V) on scale (F) varies as the 
square root of the pressure differ- 
ence (P) in the upstream and 
dosTOstream portion of the tube. 



gated glass tube placed at right angles 
to the delivery tube proximal to the 
orifice and on the side of the gas sup- 
ply (Fig. 32.2). The glass tube, open at 
the bottom, is immersed in a sealed jar 
of water. Tire top of the jar and the 
section of the tube distal to the orifice 
which receives the gas communicate 
with each other. Thus, the pressure over 
the surface of the water in the jar equals 
that in the distal side of the orifice. 
The variations in pressure proximal to 
the orifice caused by the gas flow are 
transmitted to the column of water in the 
glass tube. A depression of the meniscus 
results in proportion to the flow rate. 
Actually, the tube attached to the side 
nearest the gas supply proximal to the 
orifice, together %\ith the jar, performs 


the function of the conventional U type 
manometer (Fig. 33.2). Should the flow 
rate be greater than the maximum read- 
ing on the scale, the excess gas will bub- 
ble from the mouth of the tube through 
the water into the doxvnstream portion 
of the delivery tube distal to the orifice. 
The units of pressure difference are 
translated into terms of units of volume 
flow. Calibrations are etched on the tube 
or a scale is placed directly behind the 
tube in tlie jar. Since Bow rate is pro- 
portional to the square root of the pres- 
sure difference, assuming that one unit 
of pressure difference equals one unit of 
volume flow, 4 units of pressure differ- 
ence equals 2 units of volume flow, 16 
units of pressure difference equals 4 
units of volume flow, 64 units of pres- 
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Fic. 33.2. The lube in the jar (Fig. 
32.2) functions in the same manner 
ai a U type manometer. 


sure equals 8 units of volume flow and 
so on (Fig. 32.2). The notations on llte 
scale are spaced farther apart at the 
high flow rate end of the manometer 
and are spaced close together at the 
low flow rate end. The readings, there- 
fore, are made wth less accuracy at 
low flow rates than at high flow rates. 
Since several gases are used, a number of 
individual flowmeters are arranged to- 
gether in a single jar depending upon the 
number and type of gases tlie apparatus 
is designed to deliver (Fig. 34.2). Tlie 
gases all pass into one common chamber 
or "liead” in which they mix and from 
which they are distributed via a tube to 
the inhaler. 

This type of flowmeter is calibrated 
empirically since it is the only manner 
in which discrepancies due to viscosity. 


turbulence, friction, room temperature 
and other factors can be eliminated and 
accuracy assured. The scales for gases, 
such as oxygen, nitrous oxide and ethyl- 
ene, which are used at high flow rates, 
are calibrated in liters per minute. Scales 
for gases which are iis^ in lesser quanti- 
ties, sucli as cyclopropane and “mela- 
boUc” oxygen, are calibrated in cubic 
centimeters per minute. The size of the 
orifice differs for each gas. The denser 
the gas, the wider the orifice must be for 
a particular flow rate. Two flowmeters 
are usually provided for oxygen, one for 
high flow rates and one for low. These 
are often referred to as “the coarse oxy- 
gen" and the "fine.” Tlie size of the 
orifice for the meter (fine) intended for 
the low flow rate, obviously, is smaller 
than that for the coarse. 
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Fic. 34.2. The inside flowmeter. 
Topical inside ‘hydraulic” flow 
meter designed to measure the 
flow rate of several gases simul- 
taneously. The gases are collected 
into a common mixing chamber at 
the top of the jar and delivered to 
the apparatus. 




Fic. 35.2. Outside flo\vmeler. Schematic dia- 
gram illustrating the principle of the outside 
hydraulic flowmeter. The gas is delivered into 
(A) the outlet tube through the orifice (B) and 
thence to the inhaler through (C). As the flow 
increases the pressure over the water in (A) 
exceeds that over (D) and causes a depression 
of the column (E). The greater the flow rate, 
the greater the pressure which develops and 
the gre.nter the depression of the meniscus. 


Outside Flowmeters 

Similar in principle to tJie inside How- 
meter, but different in design is the so- 
called outside -flowmeter. This is basical- 
ly a U type manometer (Figs. S5.2, 36.2). 
One limb is mounted on a scale upon 
which are engraved the calibrations of 
pressure difference translated in terms 
of volume per minute. This limb com- 
municates witli the portion of the de- 
livery tube proximal to the orifice. The 
other limb of the U communicates with 
the portion of the delivery tube distal to 
the orifice. As is the case with the inside 
flowmeter, one such floxvmeter is neces- 
sar)-^ for each gas All the gases from eacli 
individual meter ultimately flow into a 
common mixing chamber from which 
they are conducted through a delivery 
tube into the apparatus. 

Fixed orifice types of flowmeters using 
water manometers can be made to hav'e 
a high degree of accuracy and constancy 
of performance. The oriBce, however, 
must be clean, free of debris and corro- 




96 


Chemistry and Physics of Anesthesia 



Fic. 36.2. Tlie outside flo\vmeter. 
(Courtesy of Richard Foregger.) 


Sion, otherwise, the flow rates may be 
less than the calibration on the scale. 

Gauge Type Manometers 
Instead of a manometer a sensitive 
Bourdon type gauge may be used to 
measure the pressure difference in the 
fixed orifice type of meter. The units of 
pressure are translated in terms of flow 
rates (Figs. 26.2, 27.2). Tlie underlying 
principle is identical to that used for 
“Jiydraulic” flowmeters. Tlie Bourdon 
type gauge is not satisfactory for low 
flow rates if these gas volumes are to be 
accurately measured. It is widely used 
for oxygen therapy where flow rates 
range from 1 to 15 liters per minute and 
accuracy at low flow rates is not needed. 
Gauges of tliis type designed to measure 


flows at fractions of a liter per minute 
lend to become inaccurate with time. 
The orifices, as in the case of hydraulic 
flo%vmelers, tend to become occluded 
with debris or the metal corrodes which, 
1/Icewise, reduces their efficiency. 

'"Sight Feed” Hydraulic Floicmeter 
With one exception, all “wet type” 
flowmeters are based upon the constant 
orifice principle. This exception is a hy- 
draulic or “wet tj'pe” flo\vmeler, intro- 
duced by Foregger, known as the “sight 
feed” flo\vmeter. It was one of the earli- 
est of the flo%vmeters used for clinical 
anesthesia. It consists of a slender, metal 
tube perforated at regular intervals along 
its length (Fig. 38.2). The upper end 
communicates directly vvidi the source 
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of gas. The perforated portion of the 
tube is immersed vertically in an elon- 
gated, transparent wide mouth tube con- 
taining water. The flow of gas depresses 
the meniscus to the first perforation in 
the tube. The gas bubbles from it into 
the delivery tube. As the flow rate is in- 
creased the meniscus is depressed further 
and activates additional perforations. 
Thus the number of perforations acti- 
vated is an inde.x of the flow rate. The 
cross-sectional area of the orifice in- 
creases progressively as each successive 
perforation is activated. The size of the 
orifice equals the sum of the areas of all 
the activated perforations. Tlie pressure 
remains constant. The number of perfora- 
tions which are bubbling is an index of 
the flow rate. Several tubes may be as- 
sembled in one container when more than 
one gas is used. The gases are conducted 
to the inhaler through an exit tube at the 
top of the jar. Obviously, the finer grada- 
tions of flow rate are impossible to obtain 
with this type of meter. Each meter must 
be calibrated empirically for the particu- 
lar gas which is to be measured. This 



Fig. 37.2. Cross section of gauge type of flow- 
meter. The gases enter tube (A) and pass 
through the orifice (B) to delivery tube (C). A 
difference in pressure develops bet>veen (A) 
and (C) which is transmitted to the diaphragm 
(D) which operates a clockwork mechanism. 
The gas flow is indicated on the dial calibrated 
in liten or fraction of a liter per minute. 



delivered through (A) is increased the menis- 
cus is depressed in the perforated tube (B) 
immersed in jar of water (C). The gas escapes 
flifougb the perforations into the outlet tubes 
(D) leading to the apparatus. The meniscus is 
depressed in proportion to the flow rate. As the 
flow rate is increased successive perforations 
are activated in proportion to the volume de- 
livered. 

meter is almost obsolete and little used 
in present day practice. 

'^Bobbin” Type Flowmeter 

A “dry type” of flowmeter, sometimes 
referred to as the “bobbin,” operates 
basiCTlIy in the same fashion as the 
“sight feed” flowmeter. The better 
knovvn of these is the Coxeter used by 
British anesthetists. This meter consists 
of a vertically placed transparent tube of 
uniform bore ^vith a series of perfora- 
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Fio. 39 2. The bobbin type of “sight feed" flow- 
meter employs the variable orifice principle 
Tlie incoming gas forces the bobbin upward 
into the tube. The gas then escapes from the 
perforations at inten-als spaced in proportion 
to the flow rate. As the flow rate increases the 
bobbin is forced further in the tube to activate 
additional perforations. 

tion.s at regular intervals tlirouglioul its 
length (Fig. 392). A cylindrical float 
(bobbin) is accommodated snugly in Ihc 
lumen to prevent the gas from passing 
around it. The bobbin must fit loosely 
enough for it to glide up and down the 
tube without resistance. The gas is ad- 
mitted at the lower end; the upper end 
is sealed. As the gas flows, the bobbin 
rises in the tube and gas escapes from 
the perforations. The meter is enclosed 
in a transparent jachet into which the 


gas from the perforations passes and 
from which it is conducted to the ap- 
paratus. Tlie pressure in the lube ad- 
justs itself to that which is necessary to 
sustain the weight of the bobbin in the 
tube- Calibrations of the rate flow are 
indicated at the level of each perforation, 
As the gas flow is increased the float 
rises higher and higher in the tube and 
the gas then escapes from an increasing 
number of perforations. Several meters 
may be assembled in a single encase- 
ment when more than one gas must be 
metered. Tire pressure in the tube re- 
mains constant but the cross-sectional 
area of the orifice varies with the num- 
ber of activated perforations. Each flow- 
meter, as is the case with the Iiydraulic 
"sight feed*’ flowmeter, must be cali- 
brated empirically for the flow of gas 
w'hich it is intended to measure, The im- 
pedance caused by tlie friction between 
the wall of the tube, the float and the 
leakage around the float, particularly 
after the wear on the tube and float, re- 
duces the accuracy considerably. The rate 
of flow increases in a stepwise fashion. 
Tlie finer gradations of flow rates are not 
obtained with either the hydraulic “sight 
feed” or “bobbin type” flomneters. 

Dry Type— Vauiable Omfice 
F tomiETEiis 

Tlie majority of variable orifice flow- 
meters in use consist of a spherical float 
in a vertically arranged transparent tube 
whose lumen is tapered with the widest 
portion uppermost (Fig 40.2). The float 
is supported by the gas flowing through 
the tube. Calibrations indicating the 
flow rate are usually etched on the tube 
or a scale behind it. Tlie gases are ad- 
mitted at the bottom and are conducted 
away from the top. In some flowmeters 
the tapered tube is encased in a larger. 
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to that of the length or diameter of the 
float. This is discussed later on. 

The float is subject to wear because, 
at times, it unavoidably mbs along the 
wall of the tube. Both the shape and size 
Fic, 40.2. Variable of the float and the bore of the tube are 
orifice 1)^6 of flow- altered by this wear which in due time 
meter utilizing a introduces inaccuracies. By varying the 
spherical float in a length of the tube, the degree of the 
tapere tu . Gas weight of the float, flow- 

enters at nozzle (A) r o , i , 

tapered tube (B) may be constructed which meas- 

around float (C) and ure gases at high or at low flow rates, 
passes down tube (E) Both features maybe incorporated into 
and into outlet tube a single flowmeter, if desired, by having 
an elongated narrow taper at the bottom 
and a widely flaring one at tlie top. Con- 
nell took advantage of this in his design 
of flowmeters. 

The Connell Type 

somewhat wder transparent compart- In certain flowmeters (Connell type) 
ment into which the gas passes and the tapered tube is inclined at an angle 
from uhich it is conducted to the appa- instead of being placed vertically. Two 
ratus. The float is made of stainless steel spheres are employed to prevent oscil- 
or other durable substance. Lightness is lation and to help the float stationary, 
an asset. The heavier the float, the less These spheres roll up the incline in the 
accurate and less sensitive the meter, tube as the gas is admitted at the bottom 
FloNvmeters used for oxygen therapy of the taper. They remain suspended at 
(Thorpe tube) and for anesthesia appa- the point where the difference in pres- 
ratus (the E & J and most other appa- sure below and above the spheres is 
ratus) are usually of this design. Whether counterbalanced by their weight. The 
or not viscosity plays a role in the passage gas passes in front of the spheres instead 
of gases through this type of flowmeter of around them (Fig. 41.2). The size of 
depends upon the relationship of the the orifice is increased in the same basic 
length of the narrow portion of the taper manner as it is in the vertically placed 

Fic. 41.2. A variable orifice (Con- 
nell) t)-pe of flowmeter. The ta- 
pered tube (A) is inclined at an 
angle so that two spherical floats 
(B) slide up and down the inclined 
plane (C). The gas escapes through 
the space between the floats and 
uppermost part of the tube. 
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Fig. 42.2. Disk type 
(Heidbrink) variable ori- 
fice flowmeter. The gases 
from the supply tube (A) 
enter into the tapered 
tube and cause the 
plunger (D) to be forced 
into the tube (C). The gas 
flows around the edge of 
the disk. Stem (D) h 
pushed further into the 
transparent tube (C) along 
scale (E) as the flow rate 
increases. 


tapered tube. The lower portion of the 
tube tapers gradually over a distance of 
several inches, thus permitting the meas- 
urement of gases at low Oow rates with 
a fair degree of accuracy. In the upper 
portion the lumen flares out widely over 
a short distance, permitting the measure- 
ment of gases at high flow rates. 

Disk Tite Floats 
Instead of a sphere, the float of certain 
variable orifice type flow-meters (Heid- 
brink) consists of a thin, horizontally 
placed disk which glides up and down a 
vertically placed metal tapered tube. 
The basic principle is essentially the 
same as described in the previous para- 
graph for tlie Thorpe tube. The tube Is 
approximately three inches long, that is, 
it is much shorter than usual. The metal 
disk is attached perpendicularly to a 
thin stem which glides in and out of a 
transparent tube behind which Is fixed 
a scale calibrated in units of flow rale 
(Figs. 42.2, 43.2). The gas enters at the 
bottom of the taper and is conducted to 
the apparatus from the top. The weight 
of the disk varies with the nature of the 



gas used. As the gas is admitted the disk 
is elevated into the tube until the pres- 
sure is sufficient to sustain its weight to- 
gether with that of the stem. The flow 
rate is indicated by the position of the 
top of the stem as it passes in and out of 
the glass tube. The disk is in the metal 
portion of the tapered tube and, there- 
fore, not visible. Density and viscosity 
both play a role in measuring flow rates 
with this type flowmeter. Viscosity plays 
a role at low flow rates because the 
thickness of the disk creates a tubular 
passage at the narrow portion of the 
lube. At high flow rates, when the disk 
is in the wide section of the taper, the 
cross sectional area through which the 
gas passes is greater and the influence of 
the thickness of the disk is minimized. 
The opening then may be considered 
orificinl instead of tubular. Density then 
plays the greater role and viscosity very 
little. 

The Inverted Tapered Float 
A tapered tube may be made to serve 
as both the orifice and the float. Flow- 
meters constructed on this principle (Mc- 
Kesson) are composed of light metal 



FiC 43 2. FIo\vmeters (Heidbrink) using the 
principle depicted in drawing in Figure 42 2. 
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Fig. 44.2. The “inverted 
taper” (McKesson) variable 
orifice type of flo\\'meter. 
The gas is admitted 
through the nozzle (A) into 
tapered tube (D) which 
passes into calibrated 
transparent tube of uniform 
bore(C) and are conducted 
to apparatus through tube 
(B). The lube (D) rises and 
falls in (C) in proportion to 
the flow rate. 




Fic. 45.2. Flowmeter utilizing the 
“inverted taper” (McKesson). 


tapered tubes 4-5 inches in length, sealed 
at the narrow end. Tliese are inverted 
vertically over a tube of nearly equal 
length to the tapered tube but slightly 
less in diameter than the narrowest por- 
tion of the taper (Figs. 44.2, 45.2). The 
inner tube is of uniform diameter. The 
gases are admitted through the inner 
tube and pass downward along the 
tapered tube. The tapered tube is en- 
cased in a transparent compartment 
uhich acts hath as jacket and as a col- 
lecting chamber for the gases flowing 
through the orifice. The gases are col- 
lected and conducted to the apparatus. 
The height to which the tapered tube 
rises in the transparent compartment is 
proportional to the flow of gas. The com- 
partment is calibrated in units of volume 
flow rate. Obviously the tapered tube 
must be light, otherwise all semblance 
of sensitivity is sacrificed. Basically, the 
principles involved are the same as those 
in other variable orifice flo\vmeters. The 
higher the tube rises in the glass case 
the wider tlie orifice through which the 
gas flows. 


Tie Rotameter 

The construction of the rotometer is 
based on tlie same general principles 
embodied in other variable orifice floW' 
metei^. However, there are certain modi- 
fications and refinements which increase 
the accuracy and usefulness of the meter. 
Once again, an elongated, vertically, 
placed tube with a tapering bore is used. 
The widest portion, again, is placed up- 
permost The tube is considerably longer 
than that used in the other Somneters 
of similar type. The float is cylindrical 
with its Jotvermost portion tapering into 
a point (Figs. 46.2, 47.2). An additional 
feature, in certain designs, is a *head” 
on the float which has a diameter some- 
what ^ater than the body. The float is 
specially constructed of aluminum or 
other light, durable substance. A number 
of grooves are cut at an angle in the 
head or body of the float. These act like 
the blades of a turbine and cause it to 
spin in a rotary’ fashion. The gas enters 
the tube at the lowermost portion and 
supports the float in the same manner as 
it does the float of other flowmeters. In 
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addition, as the gas passes between tlie 
wall of the tube and the body of the 
float, some of it moves througli the 
grooves. Since these grooves are oit at 
an angle the float is given a rotary thrust 
and set in motion on its vertical axis. The 
tube must be mounted in an absolutely 
vertical position; otherwise, the meter 


Eimons in Measwicment of Volumes 
DUE TO InTERCIIANCINC OF GaSES AND 

Flowmeters 

Discrepancies occur when gases are 
interchanged and flowmeters designed 
to measure volumes of one gas are used 
for another. Interchanging gases without 
recalibration of flowmeters is permissible 


Fig 46 2. Rotam- 
eter tj-pe of flow- 
meter. Light plastic 
rotating bobbin (C) 
is suspended in 
transparent tapered 
tube Stream of gas 
enters at (A) and 
leaves at (B). 


does not function properly. The rotation 
of the float reduces the possibility of con- 
tact with the wall of the tube by center- 
ing it. Tlie errors due to friction and 
wear of the tube and float are, thereby, 
minimized. The rotameter has the ad- 
vantage of being more accurate and al- 
lowing the measurement of gas volumes 
at low flow rates with a greater degree 
of accuracy. At low flow rates, viscosity 
plays a role to some extent in the rotam- 
eter. At high flow rales density plays the 
more important role. This is discussed 
further on in tliis chapter. 




Fjc. 47.2. A batter)' of rotameters. Tlio 
gases into a common maing chamber 
at the top from which they pass into the 
inhaler. (Courtesy of Richard Foregger.) 


only when the gases have identical den- 
sities and viscosities. There are no situa- 
tions in anesthesiology in which this re- 
quirement can be met. Two dissimilar 
gases may be measured on the same 
flowmeter when tlie constriction in the 
flowmeter is a true orifice. Thus carbon 
dioxide and cyclopropane, which have 
similar densities, may be measured on 
flowmeters calibrated for one or the 
other of these gases. However, the con- 
striction in a fixed orifice flowmeter may 
not always be a true orifice. In some 
cases it is elongated, and is, in reality, a 
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capillar}’ tube. In such situations errors 
arise due to viscosity of the gas if this 
point is not taken into consideration. In 
some flo\vmeters the opening may not be 
strictly orificial but the length of the 
constriction is relatively short and the 
effects of viscosity are negligible and 
may be disregarded. 

In the variable orifice flowmeters at 
high flow rates the float is in the widest 
section of the tapered tube. The cross 
sectional area of the clearance between 
the float and the lumen of the tube, if 
this area were represented as a circle, 
would have a diameter which exceeds 
the thickness or length of the float (Fig. 
48.2). The opening through which the 
gas clears can be considered an orifice. 
In this area, then, density would be the 
determining factor in the flow of gases. 
Viscosity plays a negligible role. At low 
flo^v rates the float is in the narrow por- 
tion of the tube. The cross sectional area 


Fic. 48.2. A cylindrical float with 
appreciable length in a tapered 
tube acts as a “true” orifice at the 
widest portions of the taper, since 
its length is less than the diameter 
of the cross sectional area. In the 
narrow portion the passage way be- 
comes tubular because the length 
exceeds the diameter. 


iDl 


of the space between the inside of the 
tube and the float is relatively less. The 
length or thickness of the float may ex- 
ceed, appreciably, the cross sectional 
area. The space between the float and the 
tube, then, would be tubular rather than 
orificial. In the rotameter employing a 
cylindrical float, the cross sectional area 
cleared by the gas is represented by a cir- 
cle and the diameter of this orifice xvould 
be less than the length of the body of 
the float. A gas, therefore, acts as though 
it were passing through a narrow tube 
in this part of the flowmeter. Viscosity' 
would then become a major factor in the 
flow under such circumstances. Thus, if 
the flow rates of two gases of similar 
density but dissimilar viscosities are 
measured using the same flowmeter 
where this situation exists, a marked dis- 
crepancy in volumes would occur at low 
flow rates. Cyclopropane, which has a 
viscosity of 0.008, cannot be metered at 
low flow rates by a flowmeter of this sort 
which is designed to dispense carbon di- 
oxide. Although the densities of both 
gases are nearly equal, carbon dioxide 
has a Wscosity of 0.015. On the other 
hand, a mixture of helium and o.xygen 
may be measured at a low flow rate on 
such a flowmeter calibrated for oxygen 
because the viscosities are similar. At 
high flow rates, however, the flow is no 
longer comparable. The opening is a true 
orifice. At high flow rates a marked dis- 
crepancy in volumes metered occurs be- 
cause the density of the mixture is nearly 
one-third the density of oxygen. 

^Vhen a sphere is used for a float the 
space between the tube and the equator 
of the sphere represents a true orifice 
because the float has no appreciable 
length (Fig. 30.2). Viscosity does not 
play a role in this type flouTneter. Unless 
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one is thoroughly familinr with the con- 
struction of a flowmeter, it is a good pol- 
icy to calibrate it if it is used for a gas 
other than tlie one for wliich it was in- 
tended. 

Calidiution or FLO^v^I^TEns 
Flowmeters may be calibrated by the 
water displacement technique. Tim docs 
not require any elaborate apparatus. Any 
calibrated buret, graduate or measuring 
bottle may be used. Wien calibrating a 
flo\vmeter designed to deliver small vol- 
umes at low flow rates, a container of a 
liter capacity is satisfactory. The con- 
tainer is filled with water and inverted 
into a wide pan partly filled with water 
so that its mouth is completely sub- 
merged. A lube which conducts the gas 
from the flowmeter is placed in the 
mouth of the container beneath the sur- 
face of the water in the pan. The time 
required to displace a given \’olume of 
water by the gas is determined. 

One may also employ spirometers of 
the type used for basal metabolism de- 
terminations, a breathing bag or some 
such device which measures gas vol- 
umes accurately. 

Pressure Compessated FLowMETEns 
The calibrations on a flowmeter indi- 
cate the volume the gas will occupy 
when allowed to expand to normal at- 
mospheric pressure at room tempera- 
ture. A restriction placed at the outlet of 
a flowmeter causes a pressure to build 
up behind the restriction. Humidifiers, 
nebulizers, jets, and other restrictive de- 
vices introduce such a back pressure. 
The flow of gas, when this happens, is 
not the calibrated value on the gauge. In 
the variable orifice type flowmeter, the 
flow is greater than the indicated value. 
A restriction placed in the fixed orifice 


type of flowmeter will cause a large flow 
to be indicated when actually it is far 
less or none if there is complete occlu- 
sion at the outlet. Ordinarily, flowmeters 
are designed to indicate flow rate only 
when the gas is discharged into a space 
in which the gas will be at or near atmos- 
pheric pressure. When the discharge is 
into an area in which there is restriction 
to the flow, a pressure compensating ar- 
rangement is necessary to obtain accu- 
rately metered flow rales. Tire variable 
orifice type flowmeter may be adjusted 
to compensate for restrictions interposed 
between the outlet and the atmosphere. 
The fixed orifice type, unfortunately, 
may not. 

Gas is admitted to the ordinary flow- 
meters from the supply source through a 
controllable needle valve which is located 
proximal to tlie tapered tube (Fig. 49,2). 
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The gas pressure is reduced to atmos- 
pheric pressure in the tapered tube. In 
the pressure compensated flowmeter the 
needle valve is placed distally— between 
the tapered tube and the outlet. The 
pressure in the tapered tube is the 
same as in the supply line. The flow is 
controlled by the needle valve and is 
reduced to atmospheric pressure a/ler it 
has passed through the tapered tube 
(Fig. 50.2). The flowmeter is calibrated 
in terms of the number of liters the gas 
will occupy after it expands when dis- 
charged to atmospheric pressure. If no 
restriction is attached to the outlet of a 
pressure compensated flowmeter, the re- 
duction to atmospheric pressure occurs 
immediately upon discharge. If a restric- 
tion, as for example, a nebulizer, is placed 
beyond the needle valve, the discharge 
to atmospheric pressure occurs after the 
gas passes through the nebulizer. Adding 
the restriction to the discharging gas has 
the same effect as turning down the 
needle valve. In other words, the restric- 
tion decreases the flow but has no effect 
on the accuracy of the indicated flow. 
Thus, a pressure compensated flowmeter 
may 6e used whether or not a flow re- 
strictive device is attached to the flow- 
meter. The tapered tube, however, must 
be calibrated for a given inlet pressure. 
Usually this pressure is 50 lbs. per sq. in. 
The pressure of the gas delivered from 
the supply source (regulator) to the out- 
let tube must be maintained at or as close 
as possible to the pressure for which the 
calibrations were made, otheiAvise errors 
will be introduced and the indicated flow 
will differ from the actual. 

Needle Valets 

Tlie flow of gas from the storage c^’lin- 
der is controlled by valves often referred 
to as needle or pin valves. A needle valve 



Fic. 50.2. Pressure compensated flow meter. 
The control valve is placed distal to the orifice. 
Obstructions at (he outlet do not influence flow 
meter readings. 

is composed of a slender metal rod or 
pin tapered at one end which screws into 
a cylindrical opening in a metal block 
by means of flne threads. The number of 
threads per unit length are so numerous 
that one complete turn causes the pin to 
advance a veiy short distance. The tap- 
ered end fits into a recess at the bottom 
of the opening which is referred to as the 
seat (Fig. 51.2). The point of the pin fits 
snugly in the seat. By fuming the pfn 
so that it screws outward, the snugness 
of the contact with the seat may be 
v'aried. An opening in the bottom of the 
seat admits the gas which escapes 
around the tip of the pin along tlie 
shaft where it finds its way into another 
opening further up in the block and oui- 
wTird to the flowmeter. Thus, a minute 
“leak” whose size can be varied is cre- 
ated from the gas supply to the inhaler. 
As the pressure in the supply cylinder 
declines the pin must be moved outward 
to create a larger “leak” to compensate 
for this pressure decrease. A hazardous 
situation is often created in the types of 
apparatus which are arranged so that 
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Fig. 51.2. Cross section of a pin valve. 
The valve is interposed between a point 
of high pressure and the atmosphere. It 
permits control of flow rate of gas from a 
liigh pressure system to a low pressure 
system without using a reducing valve. 

It acts both as a flow control and as a 
reducing valve. 

Ihe needle valve is inleqjosed between a 
liigh pressure gas supply and the flow- 
meter. ^Vllen an exhausted cylinder is 
replaced by a full one, an excessively 
liigh pressure may be transmitted sud- 
denly to tlie flowmeter should the main 
cylinder valve be opened without first 
turning down the needle valve. In order 
to avoid this, n special valve called a 
pressure reducing valve may be inter- 
posed between the gas supply and the 
neecfle vaiVe. TTus permits fiie wit'ii- 
drawal of gases from a loyv pressure sys- 
tem. The hazard of transmitting an ex- 
cessively high pressure to the flowmeter 
is eliminated by the use of the reducing 
valve. In addition, coarse needle vab’es 
mav be used instead of fine ones when 
reducing valves are present. Needle 
valves for high pressure systems without 
reducing valves require fine threads so 
that the unseating which occurs witli 
each turn of the pin is slight. Were this 
not the case it would be impossible to 
supply the gas at graded flow rates. Ad- 
justments due to fall in pressure must be 


made in both types of apparatus b 
fluctuations in flow rate are not as pi 
nounced in the low pressure systems. 

Reducing Valves 
Principles of Construction 
A reducing valve is a gas pressure re, 
ulator which permits the expansion of 
gas from a relatively high, but variabl 
pressure to an area of lower and moi 
constant pressure. The high pressui 
area is the storage cylinder. The valv 
consists of a chamber communicatin 
with the inlet from the cylinder bi 
which can be isolated from it by a se! 
sealing automatic valve. The pressure c 
the gas decreases in a stepwise mannei 
Tims, a gas in a cylinder at a pressure o 
2000 lbs. per sq. in, passes through ; 
valve into tJie chamber where the pres 
sure is 60 lbs. per sq. in. at which poin 
the flow ceases. Tlie gas may be drawr 
from this low pressure area into the flow- 
meter through a needle valve. When no 
gas is being drawn through the needle 
valve tlie pressure in the small chamber is 
able to offset the larger pressure to close 
the valve communicating with the cylin- 
der. Thus, a small pressure in one area 
Oaiances one wJiicfi is many times greater 
In another. This is accomplished in the 
following manner: Pressure is a force 
per unit area. The pressure of a fluid is 
transmitted equally in all directions. As- 
sume two cylinders containing oxygen 
were available, one fully loaded and one 
partially loaded. Each square inch of the 
interior of a fully loaded cylinder of o.\y- 
gen is acted upon by a force of 2000 lbs./ 
sq. in. at room temperature. Assume the 
pressure in the partly loaded cylinder is 
200 Ibs./sq. in. Assume this cylinder com- 
municates with a piston whose diameter 
is 10 sq. in. The total pressure on the pis- 
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Fig. 52.2. Basic principle underlying construction of reducing valve. A 
pressure of small magnitude may babnce one of larger magnitude by 
proportionately increasing the area over which the lesser acts. A pres- 
sure of 100 lbs. per sq. In. exerted on piston (A) having an area of one 
inch is counterbalanced by a pressure of 10 lbs. on piston (B) which has 
an area of 10 sq. inches. The total pressure on each piston is the same. 
The weights of the pistons are identical. 


ton would be 2000 lbs. If this piston 
were allowed to oppose a second piston 
having an area of 1 sq. in. communicat- 
ing with the fully loaded cylinder con- 
taining a gas at 2000 Ibs./sq. in. (which 
would, therefore, be acted upon by a 
dr./ dhr Avis' ifsivvir 
would balance each other (Fig. 52.2). 
The reducing valve operates on the same 
principle. One wall of the low pressure 
section consists of a distensible dia- 
phragm whose area is much larger than 
the area of the seat of the valve control- 
ling the flow from the cylinder outlet 
into the low pressure section. For eiram- 
ple, assume that the area of the seat of 
the valve closing the pressure inlet is 1" 
(Fig. 53.2). The pressure of the gas in 
the cylinder is 1800 Ibs./sq. in. The pres- 
sure on the 1" closing vah’e is 1800 lbs. 
The area of the diaphragm is 30 sq. in. 
Gas flows from the cylinder into the 
chamber and presses upon the dia- 


phragm and exerts a pressure of 60 l^s. 
per sq. in. The total pressure on the dia- 
phragm is 30 sq. in. X 60 lbs. per sq. in. 
or a total of 1800 lbs. The pressure on 
the surface of the 1" valve equals that of 
the diaphragm. Thus, a pressure of 60 
ilhr. cflhle JiS' j Jir 

seat 1" in diameter acted upon by a 
force of 1800 Ibs./sq. in. The forward 
and backward excursions of the dig. 
phragm operate a lever which contrtjJs 
the seating and unseating of the smaller 
valve which seals off the gas coming 
from the cylinder xvhen the pressure 
equalized, and allows it to open whb^ 
the pressure falk below 60 lbs. A neei^Je 
valve allows the gas to escape from the 
low’ pressure section, thereby’ reduciijg 
the pressure and the force on the dia. 
phragm. This in turn causes the seat of 
the valve to the c^’Iinder to be openCjj, 
When enough gas has been admitted to 
equalize the two forces the valve closgj 



lOS 


Chemistnj and Physics of Anesthesia 



Fic. 53.2. Scliematic representation 
of principle underlying the con- 
struction of a reducing valve. The 
pressure from gas supply (A) is 
exerted on the piston (B) which 
opens x'alve (C) and admits gas 
into chamber (D) which in turn 
exerts pressure on diaphragm (E). 
The area of diaphragm (E) is 
greater (in this case 10 times) than 
that of piston (B) in the outlet of 
the cylinder. Therefore, 1/100 of 
the pressure (the pressure in cham- 
ber (D) ) balances that in the cy- 
linder (A). Equahzation of the pres- 
sures causes closure of valve (C). A 
decrease in pressure relxxes the di- 
aphragm (doited lines) (E) and 
causes the opening of valve at (C). 



Fic. 54.2. Compensated reducing wive. As the gas is withdra%vn from 
the supply the pressure declines, "nic balancing pressure on diaphragm 
(C) necessary for closure of valve (B) is reduced proportionately. The 
pressure in chamber (D) is maintamed at faed value by varying tension 
on spring (F) by turning the screw (G). 
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Fic. 53.2. Two stage regulator. 


again and the gas flow ceases. 

As the supply of gas in the storage 
cylinder is depleted the pressure in the 
cylinder declines. The pressure in the 
low pressure section necessary to bal- 
ance the pressure in the cylinder is no 
longer 60 lbs. but decreases in propor- 
tion to the decrease in the cylinder pres- 
sure. At a 1500 lbs. cylinder pressure, 
for example, the pressure on the dia- 
phragm necessary to oppose the c)’linder 
pressure is 50 Ibs./sq. in. 

Flowmeters and other devices which 
operate at a fixed and unvarying pres- 
sure for proper performance must have 
some compensating mechanism to over- 
come this variation in pressure in the 
low pressure area caused by withdrawal 
of gases from the cylinder. This may 
be accomplished by counterbalancing 


this decrease in force with an adjustable 
spring which presses in the outer surface 
of the diaphragm and increases its ten- 
sion {Fig. 54.2). A pressure recording 
gauge must be present on such reducing 
valves in order that one may determine 
how much compensating tension must be 
applied wth the spring. As the pressure 
in the cylinder decreases the tension on 
the diaphragm must be increased propor- 
tionately so that a constant pressure may 
be maintained on the low pressure sec- 
tion of the device. 

Thus, reducing gauges are of two 
types, the fixed pressure type and the 
adjustable or variable pressure. In the 
fixed pressure type, variations due to 
cylinder pressure variations cannot be 
corrected. Pressure reducing valves are 
not necessary when gases dispensed at 
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low pressures, as for example, cyclopro- 
pane, are used. Tlieir primary purpose is 
to reduce high pressures to safe operat- 
ing pressures. Pressures ranging between 
40 and 60 lbs. per sq. in. are relatively 
safe. 

Regvdators used for oxygen therapy 
cause the pressure to be reduced in stages 
in a stepwise fashion Fig. 55.2. Usually 
three stages arc employed. In the first 


stage the pressure is reduced from 2000 
lbs. per sq. in. to 750 lbs. per sq. in. The 
second stage causes a decrease to 400 
lbs. per sq. in. and the third stage to 60 
lbs. Single stage regulators reduce the 
pressure from 2000 lbs. to 60 lbs.; two 
stage from 2000 lbs. to 450 to 60 lbs. The 
single stage regulator has a relatively 
shorter life due to rupture of the dia- 
phragm from repeated trauma to it. 



CHAPTER 3 


Physics and Chemistry of Inhalational Appliances 


REQXnSITES OF LNHALATlONAt 
DEVICES 

T hree conditions must he fulfilled 
for satisfactory inhalational anes- 
thesia; (1) the assurance of an adequate 
oxygen tension in the alveoli and blood; 
(2) the maintenance of the alveolar car- 
bon dioxide tension within normal range; 
(3) the establishment and maintenance 
of an adequate tension of anesthetic 
drag in the alveoli and blood. Conse- 
quently all appliances for the adminis- 
tration of inhalational anesthesia, from 
the simplest to the most complex, have 
three essential features: (a) a source of 
oxygen which assures an adequate sup- 
ply and satisfies the physiological re- 
quirements of the patient, (b) provisions 
for the elimination or absorption of car- 
bon dioxide and (c) a device or devices 
for dispensing the volatile anesthetic. 
The latter consist of vaporizers for vola- 
tile liquids or meters for gaseous agents. 
Devices for the administration of gases 
and vapors are referred to as being open 
or closed. Closed devices are referred to 
as inhalers. 

DEAD SPACE 
Types 

In designing appliances for inhala- 
tional purposes, whether they be for 
therapeutic gases or for volatile anes- 
thetics, dead space is the utmost concern. 
Tliree categories of dead space are rec- 
ognized: physiological, anatomical and 


mechanical. Physiological dead space is 
the space in the lungs ordinarily ocqu- 
pied by fresh air after inspiration. The 
gases in the physiological dead space do 
not participate in the interchange which 
goes on in the lungs, that is, they do not 
give up oxygen or take up carbon di- 
o.xide. Anatomical dead space is the 
space in the air passages down to the ter- 
minal bronchioles. It contains the gases 
which do not pass into the area lined 
with respiratory epithelium. Mechanical 
dead space is the space in an inhala- 
tional appliance occupied by exhaled 
gases which are rebreathed without 
change in composition. The rebreathed 
gas is neither freed of carbon dioxide nor 
is it replenished with oxygen or anes- 
thetic gas or vapor. Anatomical and 
physiological dead space are not directly 
related to this discussion. Mechanical 
dead space is, however, and merits dis- 
cussion (Fig. 1,3). 

The method which affords the least 
dead space and the one which permits 
the least rebreathing is the one in whiQh 
there is no enclosure over the face or 
nares. The ideal way to administer 
inhalational gas or v’apor and eliminate 
rebreathing entirely would be to plac;e 
the patient in a large room filled with 
the mixture necessary to maintain anes- 
thesia. This, obviously, would be imprac- 
tical. Any' enclosure which restricts 
movements of gases from the nose and 
mouth to outside fresh air causes some 
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Fic. 1.3. Siiaded aiY^ 
represents the mc- 
clianlcal dead space 
in a semi-closed in- 
haler of the non- 
rehreathing type. 
The valve separates 
inspired from non- 
inspired gases. 


degree of rebreatliing and, therefore, 
creates dead space. Tiie space from 
whicli rebreatliing occurs should be as 
small as possible. All mask techniques are 
complicated by some degree of rebreath- 
ing. 

TYPES OF INIIALATIONAL METHODS 

Gaseous and easily volatilized drugs 
may be administered by one of four in- 
halational methods: (1) the open vapori- 
zation (this is also referred to as the open 
cone or open drop technique), (2) the in- 
sufflation, (3) the semi-closed and (4) the 
closed or rebreathing. The physics and 
chemistry pertaining to each of these 
methods are important and merit discus- 
sion. 

OPEN VAPORIZATION 
Principle 

Tlie open vaporization technique 
needs little description to most readers. 


An easily volatilized liquid is vaporized 
by having a subject inhale through 
gauze or a similar absorbent saturated 
with a liquid. Ordinarily, a wire frame 
supports the absorbent and forms a mask 
which fits over the patient’s nose and 
mouth. The liquid is dropped uniformly 
over the mask at a rate to maintain the 
necessary vapor tension in the inspired 
mixture, Tlie vapor tension usually fluc- 
tuates widely due to numerous variable 
factors which are present. Among these 
are the rate and depth of respiration, the 
cooling of the gauze and supporting 
metal frame caused by evaporation of 
the drug, the influence of environmental 
temperature and the wetting of the 
gauze by condensation of the exhaled 
moisture. 

Tension Developed 
Faulconer and his associates have 
studied the vaporization of ether, by the 
open method, in some detail. An appre- 
ciable fall in temperature results from 
vaporization of the liquid. The adminis- 
tration of open ether to a 70 kilogram 
adult breathing 20 times per minute at a 
tidal exchange of K liter at 25°C. causes 
the temperature of the mask to fall to a 
point somewhere between — 2 and 
— S^C. Tlie heat transfer necessary to 
continue vaporization at the rate neces- 
sary to maintain anesthesia may not be 
adequate and the process is retarded. At 
temperatures of 2S°C. the theoretical 
vapor tension of ether is 400 mm, Hg. 
Using the open drop method, under the 
usual clinical conditions, the vapor ten- 
sion varies between 35 to 150 mm. Hg, 
the average being 35 to 75 mm. Hg. The 
partial pressure of ether vapor may be 
increased by increasing the number of 
layers of gauze. Ordinarily six are used. 
Wlien eight or ten layers are used, all 
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other factors being equal, the vapor ten- 
sion beneath the mask increases. Other 
volatile liquids, such as chloroform, tri- 
chlorethylene, and vinyl ether behave in 
the same fashion as ether does. Qualita- 
tively the situation is identical though 
quantitatively the individual tensions 
and temperatures differ. 

SUB-OXYGE-VATION AND CAnBON DiOXIDE 

Retention 

Besides the inadequate and variable 
vapor tension, another serious drawback 
to the open methods is the dilution of 
the oxygen in the inhaled air by the 
vapor. This may be sufficient to cause an 
appreciable degree of anoxia. In clini- 
cal measurements in man, at sea level, a 
quantity of inspired ether exerting a 
tension of 100 mm. Hg causes the oxy- 
gen tension to fall from the usual of 152 
mm. Hg to values as low as 120 mm. Hg. 
Anoxia from this cause may be corrected 
by insufflating a half liter or more of 
oxygen beneath the mask. Even though, 
in open methods, the flow of inspired and 
expired gases is not impeded, some re- 
breathing occurs and a slight, though in- 
significant, increase in inhaled carbon 
dioxide tension results. This is true when 
any mask, no matter how open or bow 
small, is placed over a patient’s face. 
Tensions of up to 23 mm. Hg may easily 
develop. 

Dra>vbacks 

Besides these forementioned objec- 
tions there are other serious drawbacks 
to the open method. The vapor blown 
out of the mask during exhalation is 
wasted. Not only is the drug s\’asted but 
the evaporation of the additional unused 
ether contributes further to the undesir- 
able cooling. Variations in tidal ex- 
change cause fluctuations in concentra- 


tion. As the rate and depth of respiration 
increase there is greater dilution of the 
x'apor and the partial pressure decreases 
progressively. Another objection to open 
methods is that cold vapors are inhaled. 
Body heat is lost as a result. The fact 
that a fire hazard is created when flam- 
mable liquids are volatilized in the open 
method is ob\'ious. 

INSUFFLATION TECHNIQUE 
Principle 

The insufflation technique, reduced to 
simplest terms of definition, is the forc- 
ing of a continuous stream of a mixture 
of gases and vapors under varying de- 
grees of pressure into the nasopharynx, 
oropharynx or trachea. At high flow rates 
a positive pressure develops in the air- 
way. Flow rates which cause pressures 
to exceed 25 to 30 mm. Hg may activate 
the stretch reflexes in the lungs and in- 
hibit respiration and cause apnea. Ordi- 
narily, this is no problem because flow 
rates exceeding 10 liters per minute are 
seldom used, and, at such flow rates, 
apnea does not ordinarily occur. 

Tensjo.v Developed 

One noteworthy drawback to the in- 
sufflation technique is that the inspired 
gas tensions are subject to moment to 
moment variations during inspiration. 
During the inspiratory phase of respira- 
tion the rate of inflowing air or gas mix- 
ture into the lung accelerates from zero, 
when inspiration begins, to a maximal 
flow rate of 30 or more liters per minute 
at tlie point of maximum effort after 
which it once again declines to zero at 
U»e end of inspiration (Fig. 2.3). Obvi' 
ously the maximum flow rale which de- 
wlops at a given instant varies from 
person to person, since it depends upon 
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Fic 2.3. Moment to moment variations in 
velocity of ambient gases during inspiration 
and expiration plotted graphically result in a 
sinusoidal type of curve. During the time in- 
terval indicated by the shaded areas gases in- 
suSlated at 10 liters per minute are diluted with 
atmospheric air. During time interval (A) they 
are undiluted During expiration insufllated 
gases are forced out of respirator)' passages. 

the respiratory efFort, tlic minute volume 
requirement and the size of the subject 
Let it be assumed, however, tliat a gas 
mixture is insufllated at a flow rate of 10 
liters per minute into the airway of a 
subject whose maximum rale of inflow 
during inspiration attains, at a given in- 
stant, a flow rate of 30 liters per minute. 
There will be an interval of time during 
the inspiratory cycle during which the 
flow rate being delivered by the appara- 
tus is less than this and insufiicient to 
fully meet tlie inspiratory requirements 
of the subject (Fig. 2.3). This deficiency 
in flow rate is met by the air which is 
drawn into the mouth and nose from the 
outside atmosphere. Tliis extraneous air 
obviously dilutes the mixture being sup- 
plied from the apparatus. In a lihe man- 
ner, during expiration, the gases acceler- 
ate from zero to a maximum of 30 or more 


liters per minute and then decelerate to 
zero at the inspiratory pause. The in- 
sufflated gases in the upper air passages 
are blown outward as the alveolar and 
bronchial gases are expired. In infants, 
children and small adults tlie tidal vol- 
umes are, comparatively speaking, of 
lesser magnitude than in adults. The di- 
lutional factor is not as serious as it is in 
adults. In adults, insufflation techniques 
may not provide adequate flow rates to 
maintain the gas and vapor tensions nec- 
essary for anestliesia. This deficiency of 



Frc. 3 3. Demand type valve. Inspiratory effort 
in the tube (A) causes negative pressure to be 
transmitted to diaphragm (B) which is relaxed 
and activates valve (C). Tliis permits gas in 
chamber (D) to enter valve from feed Ime (E) 
and to escape through opening (F). The outer 
surface of the diaphragm is in contact with at- 
mospheric air through opening (G) 
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the insufflation technique also applies to 
gases and vapors other than anesthetics. 
Dilution with air occurs, for example, 
when pure oxygen is administered by 
nasopharyngeal insufflation. 

Advantages and Disadvantages 

Sub-oxygenation during insufflation is 
readily obviated by using o-^gen en- 
riched atmospheres. The disposal of car- 
bon dioxide is unhampered during intra- 
oral and intranasal insufflation if there is 
no impedance to the airway. During in- 
trachal insufflation, however, the lumen 
of the trachea is frequently, partially oc- 
cluded by the delivery tube. Oxygena- 
tion may be adequate but carbon dioxide 
elimination may be hampered. 

There is less rebreathing with the in- 
sufflation techniques than with any other 
inhalational method because the me- 
chanical dead space is approximately 
zero. The insufflation techniques, how- 
ever, are wasteful. Also, a fire hazard 
exists when flammable gases and vapors 
are used. 

SEMI-CLOSED INHALERS 

Types 

Semi-closed and closed inhalers obvi- 
ate, to a large extent, the foregoing ob- 
jections to the open and insufflation 
technique. In the semi-closed inhalers 
there is a complete enclosure of the in- 
spired atmosphere and dilution of the 
inhaled gases by air does not occur. A 
variety of semi-closed inhalers is avail- 
able but they may all be resolved into 
eitlier one of two basic types— those 
which permit rebreathing or recircula- 
tion of inhaled gases and those in w’hicb 
there is no recirculation. The latter type 
is often referred to as the non-rebrcath- 
ing semi-closed inhaler. Strictly speak- 


ing, however, no inhaler is completely 
devoid of rebreathing. Some rebreathing 
occurs, as has been mentioned, when any 
mask, irrespective of the type, is applied 
to the face. 

Non-rebreathing Type 

A semi-closed inhaler consists of a 
mask or a face piece connected to a res- 
ervoir, known as a breathing bag. The 
inhaler is supplied with an uninter- 
rupted flow of a mixture of gases and 
vapors of constant composition. A valve 
interposed between the reservoir and 
the mask prevents recirculation and re- 
breathing of exhaled gases. Another 
valve, placed between the mask and the 
outside atmosphere, prevents the draw- 
ing of air into the inhaler and allows 
ejection of gases to the outside (Fig. 1.3). 
The valve between the mask and the 
breathing bag allows gases to pass into 
the mask only. Thus, a unidirectional 
flow is established from the reservoir 
into the lungs and from the lungs to the 
outside atmophere. Ordinarily the ca- 
pacity of the breathing bag is 8 to 10 
times the tidal exchange of the subject. 
Obviously the prescribed gas mixture 
must be supplied at flow rates whicli 
meet the respiratory demand of the sub- 
ject This is accomplished by (1) supply- 
ing a continuous flow into the breathing 
bag or (2) by an intermittent flow from a 
demand valve. 

Demand valves are devices, the con- 
struction of which is too complex for dis- 
cussion here. A demand valve is acti- 
x’ated by the negative pressure created 
during the inspiratoiy’ phase of the res- 
piratory' cycle (Fig. 3.3). A gas or a mix- 
ture of se^’eral gases is admitted into the 
inhaler from a high pressure reservoir 
through this valve. The flow continues as 
long as the negative pressure is being 



116 


Chciniitry and Physics of Anesthesia 



Fic. 4.3. To and Fro scmi-closcd inhaler. The 
exhalation valve at top of mask is spring loaded 
to restrict volume of expirations. Degree of rc* 
breathing varies with the degree of restriction. 

created and ceases as soon as inspiration 
is over and expiration commences. 

Tlie disposal of carbon dioxide from 
non-recirculating and demand t)’pe in- 
halers is adequate provided the valves 
function properl}'. TJje only carbon di- 
oxide rebreathed is that in the dead 
space air of the mask. The amount re- 
breathed depends upon carbon dioxide 
output, the size of the face piece and the 
magnitude of the dead space. 

REBREATinNG TyPE 

Omission of the valve between the 
mask and the breathing bag of a semi- 
closed inhaler permits rebreadjing of 
gases contained in the fittings b^ond 
the face piece. Tliis is die To and Ffo 
semi-closed inhaler (Fig. 4.3). A circle 
type of inhaler may be made also. Two 


corrugated tubes are interposed between 
the bag and mask. Each tube has a valve 
which establishes a unidirectional flow 
from mask to bag and bag to mask (Fig. 
5.3). An exhalation valve is also placed 
on top of the mask or at the junction of 
the brealliing bag to allow escape of ex- 
cess gases. The To and Fro permits te- 
breathing of gases; the circle permits re- 



Fic. 5.3. Closed Circle inhaler may be con- 
verted to a semi-closed inhaler by placing an 
exhalation valve (If) in the system. The gases 
ma y be passcd over the soda lime in the can- 
nister (C and Cj) or bj'passed into the bag 
Fresh gases are admitted from inlet I. 
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Fic. 6.3. Gas mixtures whose com- 
position is 4 to 1 part o^^’gen must 
be supplied into a semi-closed in- 
haler at the minute wlome ex- 
change required by the subject at 
a particular moment to maintain 
unvat^ung inhaled oxygen tensions. 
Cun’es indicate the rapidity of de- 
cline in inspired oxygen tension of 
a subject having a minute volume 
of eight liters per minute breathing 
from a semi-closed inhaler being 
suppL'ed a gas mixture containing 
21% ojygen at flow rates in liters 
per minute indicated by the figure 
in a circle. Mixtures used at low 
flow rates must contain more than 
1 part oxygen to 4 of oflier gas or 
vapors. 



circulation which is tantamount to re- 
breathing, In both units, the gas mixture 
must be supplied at high flow rates to 
prevent accumulation of carbon dioxide 
and a fall in oi}’gen tension in the in- 
spired gases. Adequate oxj'gen tensions 
and satisfactory carbon dioxide elimina- 
tion are not possible unless the flow rates 
are equal to or greater than the minute 
volume exchange of the subject using the 
inhaler. Sub-ox\*genation occurs even 
though the mixture being dehi’ered 
into the inhaler contains SO^p oxj’gen. In 
clinical trials, for example, in which a 



subject breathed from an inhaler to 
which air was supplied at a flovi' rate M 
the minute volume exchange, beginning 
with 20% oxygen and 80% nitrogen in the 
mask, after 3 minutes, the cracentratlon 
fell to less than 15%. The arterial blood 
Otygen saturation fell from 95 to 70%. At 
flow rates corresponding to la and 3» the 
minute volume exchange of the subject 
the osj’gen tensions increased propor- 
tionately but were still below the physio- 
logic minimum (Fig. 6.3). Only when ^e 
flmv rate was equal to or greater than 
the minute volume exchange of the sub- 

Fic. 7-3. Unless carbon djoride is 
absorbed by chemicals, die tidal 
exchange of lie snbjeet most be 
ejected from a semi-closed inhaler 
to eliminate the excreted carlrcin 
dioxide. Curves indicate degree 
and lapiditj' of buildup of carbon 
dioxide tension at the Ips v^hen 
flow rates in liters per minute io- 
dieated by the figure to the drcle 
are supplied to a semi-dosed inhaler 
being used bj' a subged an 
— 5 — j — 1 8 hter minute volume;. 

K 
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ject was the inhaled oxygen in the mask 
20^5 Carhon dioxide rose from HI to 7% 
within 15 minutes at flow rates equal to 
J* the minute volume exchange (Fig. 7.3). 

In order to eliminate the carbon di- 
oxide completely or to barely detectable 
levels flow rates exceeding the minute 
volume exchange are necessary. In a se- 
ries of experiments the carbon dioxide 
returned to the mask at twice tlie minute 
volume exchange was 0.02'?. The prob- 
lem of adequate oxygenation and car- 
bon dioxide elimination when using 
low flow rates can only be solved by en- 
riching tile mixture with oxygen and ab- 
sorbing carbon dioxide with chemicals. 

Semi-closed inhalers are necessary for 
anesthesia or inhalation therapy tecli- 
niques requiring nitrogen “wash-out” 
from the lungs and tissues. Nitrous oxide, 
for example, is effective at high alveolar 
tensions which can only be attained by 
displacing the pulmonary nitrogen with 
the gas. In order to accomplish this the 
semi-closed inhaler is necessary. Tlie 
“wash-out” gas, whether it be oxygen, 
ethylene, nitrous oxide or helium, must 
be delivered into the inhaler at the mi- 
nute volume exchange of the subject to 


Fic. 8 3. Elimination of nitrogen 
from the lungs using pure oxygen 
as the washout gas in a semi-closed 
system requires approximately 2)5 
minutes In subjects with normal 
pulmonary function when the 
washout gas is supplied at the 
minute volume exchange of the 
subject. At flow rates less than the 
minute volume washout is delayed. 


— I 

IS 


accomplish a rapid “wash-out.” In an 
average sized adult with normal pulmo- 
nary function the nitrogen is completely 
eliminated from the alveoli within 2Jx 
minutes (Fig. 8.3). In pulmonary dis- 
turbances in which there is interference 
with effective gaseous e.xchange the ni- 
trogen requires a longer time for elimi- 
nation. 

Variations in size and total capacity of 
the inhaler have little influence on the 
rale of “wash-out” provided the system 
is filled initially with the “wash-out” gas. 
Likewise, data concerning oxygenation 
and carhon dioxide elimination are little 
influenced by variations in size. Tlie posi- 
tion of tlie exhalation valve, whether it 
be on the canister, bag holder or di- 
rectly on the mask, has no appreciable 
influence on the “wash-out,” o.xygenation 
or carbon dio.xide accumulation. Values 
are the same throughout. This applies to 
both the To and Fro inhaler and the 
circle arrangement. The length and ca- 
pacity of the corrugated tubings in the 
circle arrangement and variations in size 
of breathing bag, likewise, make no dif- 
ference. These principles are applicable 
to the administration of all gases, 



119 


Physics and Chemistry of Inhahtional Appliances 


whetlier they be air, oxygen, nitrogen, 
helium, nitrous oxide or ethylene. 

CLOSED SYSTEM INHALERS 
The closed system is designed to per- 
mit complete rebreathing of exhaled 
gases and vapors. A tight fitting face 
piece is necessary to assure a leakproof 
system. The metabolic requirement of 
oxygen and the necessary gaseous or 
vaporized drug are delivered into the 
inhaler as needed. Carbon dioxide is re- 
moved by chemical absorption. The 
closed system permits administration of 
anesthetic and therapeutic gases under 
pressure, highly enriched with oxygen. 
Enclosure of the gases reduces the fire 


hazard, eliminates waste of gases, and 
provides a steady inhaled vapor or gas 
tension of the anesthetic. Two tj'pes of in- 
halers are available— the To and Fro and 
the circle. In the To and Fro a canister 
containing a chemical absorbent usually 
soda lime is interposed between the mask 
and the breathing bag. In the circle as- 
tern, the canister is at a distance from 
the mask separated by two corrugated 
breathing tubes. Valves at the inlet and 
outlet of the canister provide a unidirec- 
tional flow of gases over the absorbent. In 
the To and Fro system there are no valves 
and the gases go back and forth. This 
method of anesthesia is described in 
greater detail in the next chapter. 


RESISTANCE IN INHALATIONAL DEVICES 


THE NATURE OF RESISTANCE 
A pressure difference develops be- 
tween the inlet and outlet of a tube 
when a particular volume of fluid passes 
through it. Tliis pressure difference, re- 
ferred to as resistance, is necessary to 
force or draw a fluid through the tube. 
The magnitude of the pressure Is an in- 
dex of the resistance. IVhen the flow is 
purely laminar the resistance is linear, 
that is, it is directly proportional to the 
flow rate; ivhen the flow is turbulent the 
resistance is no longer linear but varies 
with the square of the flow rate. If 
plotted graphically the curve would be 
parabolic instead of linear. 

RESISTANCE IN INHALERS 
Breathing in and out of a tube or 
other enclosures, such as inhalers used 
for anestliesia, requires more effort than 
breathing the same volume of gas di- 
rectly from the atmosphere. This effort 
is in proportion to the resistance. The 


flow in an inhaler is seldom purely lami- 
nar though ideally it should be so. Most 
often it is both, laminar and turbulent 
with the laminar predominating. Resist- 
ance can be made minimal but it cannot 
be eliminated entirely from an whaler. 
All inhalational appliances no matter 
how small have some degree of resist- 
ance. The resistance offered by an open 
cone is almost imperceptible; nonetheless 
some resistance is present. 

FACTORS ^VHICH INCREASE 
RESISTANCE 

Anything which impedes the flow of a 
fluid in a conduit and tends to convert 
the flow from a laminar to turbulent one 
increases resistance. Angulation of con- 
nectors, the presence of valves, rough- 
ening of surfaces of the tubes and varia- 
tions in cross-sectional diameter of a 
lube introduce varying degrees of resist- 
ance. All openings, fittings, valve ori- 
fices, breathing tubes, connectors for 
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FROM INHALER 



bags and masks on apparatus for inbaU« 
tlonal purposes sliould bo of a diameter 
equal to or should exceed the diameter 
of the human male trachea. Resistance 
is minimal when apertures and diame* 
ters of tubings are no less than 2.5 cm. 
Fittings for intratracliael catheters, like* 
wise, should be of the same or should 
exceed the Internal diameter of the in* 
tratracheal catheters. 

MEASUREMENT OF RESISTANCE 
CoNTi?ajous Flow Metoiid 

Resistance may be measured by using 
one of two techniques. Both have certain 
drawbacks which will be discussed. Tlie 
commonest way of measuring resist- 
ance is to interpose a manometer be- 
tween lead off tubes placed at the inlet 
and outlet of an inhaler (Fig. 9.3). The 
difference in pressure wliicli develops 
when a gas, at a particular flow rate, is 
forced through is an index of resistance. 
Since at some point during the inspiratory 
and expiratory cycle the instantaneous 
flow of the gases of a patient breathing 


Fig. 0.3. Resistance is meas- 
ured by intercoupling a ma- 
nometer (A) between the in- 
let (D) and outlet (C) of an 
inhaler and measuring the 
pressure difference which de- 
velops when a gas is supplied 
at the inlet at a known flow 
rate. The outlet pressure is 
close to atmospheric. The in- 
let pressure is greater than 
that in the outlet and varies 
with the flow rale and de- 
gree of impedance offered by 
tubes, valves, soda lime, an- 
gulations and so on. The flow 
meter must deliver flow rales 
which can be varied from 5 
to 100 liters per minute. 

forcefully may be as much as 80 or 90 
liters per minute, studies must be done 
using such flow rates. Thus, the study is 
initiated using a flow of 5.0 liters per min- 
ute and is increased progressively in in- 
crements of ten liters. A sloping type of 
cun'e is usually obtained (Fig. 10.3). 

Tlie pressures developed in studies on 
resistance are, comparatively speaking, 
of small magnitude. For this reason a 
water manometer is used and resistance 
is expressed in terms of millimeters of 
water, ^^ercu^y manometers would be 
less sensitive and measurements would 
be more difficult to record. Data ob- 
tained using such a continuous unidirec- 
tional flow may be grossly misleading, 
however. The resistance wliicli develops 
wlien the respiratory stream stops and is 
reversed is not taken into consideration 
by this technique of measurement It is 
possible for the flow to be laminar in a 
direct, unaltering flow while it could be 
turbulent in the To and Fro. Therefore, a 
very important aspect of resistance re- 
mains undetermined if one places sole 
reliance on data obtained by this method. 
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Fic. 10.3. Type of curve obtained 
by using apparatus described in 9.3 
for measuring resistance. Under 
ideal conditions the increase is 
linear when the flow is laminar. 
\Vhen flow becomes turbulent it 
increases as the square of the flow 
rate. 


Cm 



Likewise, the resistance which is intro- 
duced by opening and closure of the 
valves in inhalers so equipped is not 
measured. Ordinarily, more than half 
the resistance is introduced by the 
valves in an inhaler. Therefore, this im- 
portant source of resistance is not ade- 
quately considered with this technique 
of study. 

hfANOMETER IN MaSK TECHNIQUE 

The writer prefers to measure resist- 
ance by placing the manometer at a lead 
off tube in the mask. As the patient in- 
spires a negative pressure develops in 
the mask in proportion to the impedance 
offered. On expiration a positive pressure 
develops. Apparatus may be tested in 
the laboratory by using a mechanical 
respirator which simulates human respi- 
ration (Fig. 11.3). Such a device elimi- 
nates all variable factors by employing 
fixed tidal volumes, respiratory rales, 
times for the inspiratory and expiratory 
phases of respiration and other factors. A 
more realistic pictme of tlie resistance 
due to the effects of inertia, turbulence 
from the starting and reversing the 
stream of gases and sealing and unseah'ng 
of the valves is obtained. Tlie discrepan- 


cies in the data obtained between these 
two techniques is remarkable. The latter 
method may shoiv considerable resist- 
ance to be present in cases where the 
former indicates little or no resistance. 



Fic. 11.3. Apparatus for manometer in mask 
technique of measuring resistance. The bel- 
lows (D) is calibrated to deliver the desired 
volume of gases. Motor (E) drives beUows and 
permits control of rate of respiration, duration 
of inspiration and expiration. Fluctuations in 
pressure are measured by placing manometer 
(D) in mask (A). The greater the resistance the 
greater the negative pressure which develops 
in the mask on inspiration and the greater the 
positive pressure on expiration. 
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The chief objection to this technique is 
tlie difficulty in eliminating errors due to 
inertia of the fluid in the manometer and 
accurate sighting of the meniscus. This 
can be reduced by using pressure trans- 
ducers and optical and electrical methods 
of recording. 

Omen Methods 

Eastwood and his associates have sug- 
gested the use of the pneumotachograph 
for measuring resistance. Little data is 
available using this device because the 
pneumotachograph is unavailable in 
most laboratories. 

“NORMAL" RESISTANCE 

Resistance is an individual character- 
istic of an inhaler. Published data for a 
particular tj’pe of Inhaler mean little 
since the performance of a piece of 
equipment is subject to many variations. 
There may be considerable differences 
between the resistance of two pieces of 
the same model of a given Inhaler of a 
particular manufacturer. One set of 
values may be obtained when the appa- 
ratus is new; another when it has been 
in use some time. The type of valve used 
in its construction, its age, whether it is 
moist or dry and its position are among 
the many numerous factors responsible 
for wide fluctuations in data obtained. 

The writer has compared the To and 
Fro type filter with tlie circle using the 
technique of measuring pressures at the 
mask. The conditions of testing were as 
follows: A tidal exchange of 500 ml. 20 
times per minute with inspiration equal- 
ling expiration in a mask with 2.5 cm. 
right angle fitting, an 8 X 13 cm. can- 
ister filled with 6-8 mesh soda lime and 
a 5 liter breathing bag, caused a resist- 


ance which created negative and posi- 
tive pressure of 2.5 mm. ILO to develop. 
In a circle filter under the same condi- 
tions the following values were obtained 
as each piece was added to the mechani- 
cal ventilator used for testing: 

Aiask and Y connector with 
2.5 cm. aperture —0.5 ram. H-O 

One— 75 X 2.5 cm. corru- 
gated rubber tube — LOmm. HiO 

One— Saad type valve —3 mm ILO 
An 8 X 13 cm. cannister 
filled wntli 6—8 mesh 
soda lime —40mm. H 2 O 

The breathing bag — 4.5mra. HjO 

The second flutter valve 
(Saad type) — 6.5 mm. HjO 

T!»e second corrugated 75 
X 2.5 cm. tube — 7.0 mm HjO 

Tlie total resistance was 7 mm. HjO. 
Generally a resistance total exceeding 
10 mm HjO is excessive for an adult. 

FACTORS INFLUENCING 
RESISTANCE 
Erracr OF Soda Lime 
Soda lime granules contribute only a 
small fraction to the total resistance. Re- 
sistance from this source may become 
excessive if granules of a fine mesh are 
used since they favor an increase in tur- 
bulence. The smaller granules absorb 
more efficiently but introduce greater re- 
sistance. A blend of 4-8 mesh granules 
has been shown, by experience, to be 
the most satisfactory for inhalational an- 
esthesia. 

LE^CTH or Tube 

Lenghtening the tubing from 30" to 
36" changed tlie resistance compara- 
tively little. Doubling the length added 
a resistance equivalent to 2 mm. H»0. 
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Fio. 12,3 (A) Resistance at 500 cc. tidal volume and respirator)’ rate 30 times per minute. 

(B) Resistance at 730 cc. tidal volume and respiratory rate 30. (C) Resistance with respira- 
tory rale 20 times per minute and tidal volume 500 cc. 

Tidal Volume deeper and more rapidly a subject 

Resistance increases with tidal vol- breathes into a closed system the greater 
ume (Fig. 12.3). The greater the tidal the resistance which develops (Fig. 
volume the greater the resistance, since 12.3). 
tlie volume flow is increased. If the re- 
spiratory rate is doubled but the tidal Canister Shape 

volume halved from 500 ml. the resist- The shape of the canister, size of out- 
ance is less than if the tidal volume is in- lets and position has considerable influ- 
creased to 1000 ml. but the rate halved, ence on resistance. The walls of thu 
The minute volume exchange is the canister should be straight and smooth, 
same in both cases but the flow rate at Oblong, spherical, cylindrical and oval 
the height of the acceleration of the shaped canisters are the most satisfac- 
gases is much liigher wilJi the larger torj'^ from the standpoint of resistance, 
tidal volume. Not only must twice as Cylindrical canisters narrower than 7 
much gas flow through during the same cm. diameter filled with absorbent add 
space in the same time interval, but the resistance as the diameter decreases, 
flow is in some areas converted from This is particularly true when the canv 
laminar to turbulent. An increase in re- ister is made longer to accommodate the 
spirator)’ rate also increases the linear tidal volume. 

velocity and, therefore, resistance. The By far the greatest amount of resists 
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traduces additional resistance to respiration. 
Increased effort must be made to maintain the 
blood gas tensions and the minute volume ex- 
change at normal levels. 

once is inlroduced by valves. This is dis- 
cussed later in this chapter. 

Size of Endotiuchcal Tubes 
Endotracheal tubes may introduce 
considerable resistance if not of the 
proper size and type. As the diameter of 
a tube is decreased, a critical point is 
reached at which a laminar flow is re- 
placed by a turbulent flow throughout the 
entire iength ef a tvbe. The fk»y of air 
at a flow rate of 14 liters per minute, for 
example, would be laminar if passed 
through a tube one centimeter in diame- 
ter; while it would be turbulent if passed 
through a tube half a centimeter in di- 
ameter. For the flow to remain laminar 
at this diameter the flow rale would 
have to be reduced one-half. In addition 
to the diameter of tlie tube, critical flow 
rate also depends upon the ratio of vis- 
cosity of the gas to density. In the case 
of air, the ratio is 0.018/.0012 or 15. A 
value, known as the Reynolds number 
or Reynolds criterion, is used by engi- 


neers as a guide for computations of 
flow rates of fluids through tubes of var- 
ious diameters. Tlie critical velocity 
range above which a fluid flow will be 
turbulent and below which it will be 
laminar depends upon the velocity of 
flow, the size and shape of the conduit 
and the viscosity. Reynolds established 
the fact that at a given temperature for 
geometrically similar flows 

velocity X length 
kinematic viscosity 

is the same for all fluids at the critical 
velocity. The same scale must be em- 
ployed for indicating velocity and 
length of conduit for each fluid studied. 

Resistance in ENOonuaiEAL Tubes 
An undersized endotracheal catheter 
may permit the passage of a minute vol- 
ume exchange which is adequate as far 
as blood gas tensions are concerned. The 
respiratory effort, however, to maintain 
this excliange may be increased appre- 
ciably. An increased intrapulmonic nega- 
tive pressure is necessary to offset an 
increase in resistance (Fig. 13.3). There- 
fore, such added resistance is harmful. 
S%ht d^rees of resistance may be en- 
durable for short periods of time in pa- 
tients who are “average good risks.” 
Acutely ill subjects may ventilate inade- 
quately if they cannot make the extra 
effort. Negative pressures in the order of 
40 mm. Hg in the pleural space may de- 
velop to compensate for the resistance in 
order to maintain normal blood gas con- 
tent, Pulmonary edema may result from 
excessive resistance to inspiration. 

Annirn’E Effects 

If two tubes each having a resistance 
of 1 mm. HjO are placed in series the 
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Fig. 14.3. Two basic types of respiratory valves. (A) Disk (gravity) lift, (B) Disk (spring 
fixed), (C) J valve, (D) Flutter (Saad) and (E) Flutter (mushroom). 


resistance does not necessarily add up to 
2 mm. HjO. Usually it is more. In other 
words, the two pieces together may cause 
more turbulence than either alone. The 
same principle applies to valves, fittings 
and adaptors. 

RESPIRATORY VALVES 
Basic Types 

Inspired gases may be separated from 
expired gases which pass into a com- 


mon enclosure, such as a mask, by valves 
which create a unidirectional flow. There 
are almost as many designs of valves as 
there are inhalational therapy devices 
which employ them. These have been 
referred to as knife edge, spring loaded, 
cage disk, rubber sleeve, rubber flap types 
and so on. However, each of these speci- 
fic v'alves is one or the other of tw'O 
basic types— the “disk” and the “flutter” 
(flap) valve. A cross between the txvo 
^-pes embodying some of the features of 
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Fig. 15.3 Essential parts of a valve. 

both is also used. The disk valves are 
usually seated by gravitj'. In some valves 
the disks are fixed by a central pin or 
by a spring or both (Fig. 14.3). In others 
the disk is fixed by slips of rubber which 
supply the recoil (Fig. 14.3). The disks 
are made of light metal, hard rubber, 
plastic or other rigid durable substance. 
The flutter valve is composed of two 
closely appro.ximatcd rectangular sheets 
or flaps of an elastic substance, usually 
latex or moulded rubber. These flaps arc 
adherent at a number of points and are, 
thus, held together in such a manner 
that an ovoid opening is created when 
they are spread apart. One end is shaped 
into a tube which slips over the inlet 
tube for delivery of the gas (Fig. 14.3). 
The ambient gases force the flaps apart 
and escape in a sidewise direction 
tlirough the ovoid or circular opening 
which they create as they pass out from 
the inlet tube. Gases flawing in the re- 
verse direction compress the flaps to- 
gether thereby effecting a seal. Closure 
is aided in part by the elastic recoil of 
the rubber. The size of the opening cre- 
ated when the flaps spread apart may 


also be influenced by the elasticity of the 
rubber. Flutter valves may be placed in 
any position. A cross between the disk 
and tbe flutter types utilizes a single flap 
fixed at several points on a rigid tube 
(]. valve). The seating may be positional 
(horizontal) or non-positional, vertical or 
inverted in this tj'pe. The seating disk in 
other valves may be attached at one 
point and operate in a hinge-like man- 
ner. 

The essential parts of a valve assem- 
bly are (Fig. 15.5) (1) tbe housing xvbicb 
encloses the (2) vahe and (3) its seat to 
which are fixed the (4) inlet and (5) out- 
let flow connections. (6) The vent which 
collects the gases after escape through 
the valve is the part of the housing sur- 
rounding the outlet. The distance the 
disk is lifted from its seat or the flaps 
are separated is known as the stroke. 
The diameter of the inlet tube which 
forms tlie seat is referred to as the orifice. 
Guide pins, cages and stops of various 
sorts are used to limit the stroke and 
maintain the proper position over the 
seal in the disk type valve. 

iNDrvmuAi. Type Valves 
Gravity Lift Valves 

The horizontal disk type, knov\Ti as 
"gravity lift” valve, appears to be the 
most popular and is found in practically 
all types of anesthetic apparatus, as in 
that of McKesson, Heidbrink, Foregger 
and Connel. The seating device consists 
of a disk of aluminum, plastic, hard rub- 
ber or other light substance whicli fils 
snugly over a knife edge. The disk rests 
horizontally (Fig. 14.3). Cages, wire 
leads or stops guide the motion of the 
disk up and down and hold it in posi- 
tion and limit its stroke. Difiiculties may 
arise with this type valve in the sealing 
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and closure. The Bailey valve was de- 
signed {o improve the seal and prevent 
leakage. 

The Bailey Valve 

Tlie Bailey valve is in essence a grav- 
ity lift disk valve. It consists of a cuplike 
affair inverted over the inlet tube. The 
edges of the cup rest on a pool of mer- 
cury which surrounds the inlet tube in 
a moat-like fashion (Fig. 16.3). The in- 
coming gas lifts the cup from the sur- 
face of the mercury as it passes through 
the valve. On closure the cup falls back 
into the mercury and its edges dip below 
the surface. A tight seal is thereby as- 
sured. The Bailey valve has a number 
of disadvantages, as far as its use in 
anesthesiology is concerned. It must be 
fixed in order to avoid spillage of the 
mercury. ^Vhen the patient hyperven- 
tilates mercury tends to splash into the 
inlets. 

The Saad Valve 

The most widely used of the flutter 
valves is the Saad valve consisting of two 
flat pieces of rubber cemented at sev- 
eral points so that openings are created 
for the ambient gases when the sheets 
are forced apart (Fig. 14.3). 

Mushroom Valve 

The Henderson and Haggard valve 
consists of a circular rubber disk at- 
tached to a collar-like flap at several 
points. This is attached to a rigid rubber 
collar-like inlet tube which is attached, 
in turn, to the inlet tube (Fig. 14.3). This 
is sometimes referred to as the “mush- 
room valve” due to its mushroom like 
appearance. Both the Saad and mush- 
room valves operate in any position, in- 
cluding the inverted, since they do not 
require gravit)' for closure. 



Fic. J6.3. Bailey \ah'e (see text). The mercury 
seal prevents leakage. 


/. Valve 

Another type valve employs a single 
rubber flap over an inlet tube fastened 
by slips of rubber which act as grips. 
This, as has been mentioned, is a cross 
between the flutter and disk valve. It too 
is non-positional and operates effectively 
in the horizontal, vertical or inverted 
position. 

Positive Phessube ExpmATonY Val\t:s 

Resistances are sometimes placed on 
the expirator)' valve of semi-closed in- 
halers to create expiratory positive pres- 
sure. This is accomplished by (1) placing 
an adjustable spring in the housing over 
the disk of the valve (spring loading), 
(2) by attaching calibrated weights to the 
disk which can be varied in size, and (3) 
by providing a constricting orifice for 
exhalation ivhose size may be varied. 
Tliis orifice is calibrated in centimeters 
of water pressure. The O.E.M. mask 
used for oxygen therapy and Neff valves 
on the Foregger circle filter embody this 
l)pe valve. 
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Performance and Deficif-ncies or 
Vaevts 

Valves arc indispensable in a circuit 
system and in “non-rebreatliing" devices. 
There arc a number of valid objections 
to valves. Some of the more pertinent 
objections are: (1) They fail to seal prop- 
erly or at the proper lime, thereby caus- 
ing some leakage or regurgitation in the 
reverse direction. Such a leak is tant- 
amount to increasing the dead space. 
The greater this "backflow” the greater 
the amount of rcbreathing. (2) Valves 
create resistance (a) by obstructing the 
gas flow by whatever inertia they pos- 
sess, (b) by failure to open properly 
(slicking) due to surface tension effects, 
(c) by having an orifice of inadequate 
diameter which restricts the flow and (d) 
by diverting the flow so that it is no 
longer laminar, thereby creating turbu- 
lence. Most of the resistance in anes- 
thesia apparatus is introduced by the 
valves. The To and Fro closed inhaler is 
devoid of this objection. 

Opening Pressures and Resistance 

Ideally speaking, all respiratory valves 
should require no opening pressures. In- 
ertia is always present, however, but it 

TOTt Tedvtcei \-Zi ?i TrrtTntrfom hy ViwiiEig 
valves as light as possible. They should 
be seated in such a manner that there is 
minimal or no leakage during tlie phase 
of respiration requiring closure. How- 
ever, if they are loo light there may be 
a lag in sealing, particularly in the grav- 
ity lift type. Experience has shown that 
tlie cross sectional area of the potential 
aperture in a valve should be 6 sq. eras, 
or more to eliminate the resistance. 

Leakage in Vahes 

Leakage or regurgitation may be of 
two types— static and dynamic. Static 


leakage occurs when a negative pressure 
is applied to the inlet of the valve and 
gas can be drawn back while the valve is 
at rest and supposedly sealed. It is due 
to improper sealing. Dynamic leakage 
occurs when the valves fail to close 
promptly and properly at the end of 
expiration, Welting usually improves the 
seating of disk valves and closure of the 
flutter vah'^es but tends to increase the 
opening pressures, since the surface ten- 
sion of water on metal or rubber must be 
overcome. Opening pressure.s of valves 
have been variously quoted from 0.1 to 
5 or 6 mm. water. The greater the pres- 
sure necessary to open the valve, the 
greater the effort which the patient must 
expend and the more the resistance. 
Data on resistance to air flows, leakage, 
opening pressures for a particular t)pe 
valve are not absolute or constant since 
they vary with operating conditions and 
these are notoriously variable during 
clinical use. Two valves of identical de- 
sign and manufacture may vary widely 
In resistances, opening and closing pres- 
sures and amount of leakage. One set of 
values may be obtained for a particular 
valve under one set of experimental 
conditions and another when conditions 
altered. Tlva 

ance of valves changes with time and 
usage. Rubber valves particularly un- 
dergo deterioration, become sticky or 
rigid and thereby change their efficiency. 
Metal valve seats in disk valves are sub- 
ject to wear and therefore have disad- 
vantages also. 

Eefect of PosmoN of Valves 

Valves may be placed proximally at 
the mask or distally at the canister in 
closed systems. In semi-closed inhalers 
they are placed at tlie mask. Placement 
at Ae mask obviates the tendency of the 
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breathing tubes to recoil and collapse 
during inspiration and to expand during 
expiration. The gravity lift type is im- 
practical for use at the mask. When disks 
are employed at the mask a central pin 
is used for guidance. Semi-closed in- 
halers of the type having the inlet port 
in the dependent (in the breathing bag) 
position (O.E.M. mask, Cyprane inlialer, 
etc.) (Fig. 1.3) may employ a disk grav- 
ity lift type at this opening. The outlet 
valve must be of the flap type unless a 
guide pin is used. In the circle system a 
Y piece is necessary to divide the stream 
of gases. The valves may be incorporated 
into the Y piece. Valves placed at this 
site must be of the flap type since they 
must function in any position. If the disk 
type is used it must be held in position on 
the seat by a pin. They must also have 
springs to assist in closure. The J valve 
may also be used at the mask since it too 
is nonpositional. The stability of the valve 
housing is sacrificed and the valves are 
cumbersome when placed at the mask. 
Tlie valve housing should always be 
transparent so that operation of the 
valves is always under surveillance. 


THE ENDOTRACHEAL CUFF 
Pressures in the Cuff 
The endotracheal cuff is a device de- 
signed to effect a seal between the ex- 
terior of the tracheal catheter and the 
inner tracheal wall. A variety of designs 
are available but they may all be re- 
solved into two basic types, (1) self-in- 
flating and (2) inflatable. The self-inflat- 
ing cuff traps air in a thin latex sheath 
which has been cemented to the wall of 
the tube and causes a balloonlike effect 
between the trachea and the catheter. 
Tlie inflatable cuff is the more practical 
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of the two types and more widely used. 
It consists of a double layer of latex with 
edges sealed to make a balloon. This 
balloon is slipped over the outer surface 
of the distal end of the catheter. A long 
thin catheter communicates with the 
balloon through which measured vol- 
umes of air are introduced to inflate the 
cuff. Pressures necessary to inflate the 
conventional endotracheal cuff to effect 
a seal vary widely from cuff to cuff. 
Much depends upon the quality, thick- 
ness and age of the rubber. The volume 
of air needed depends upon the ratio of 
tracheal diameter and catheter size. The 
pressures necessary to effect a seal be- 
tween the trachea and catheter wall to 
maintain pressures of 15 and 20 mm. Hg 
in a circle system range between 90 and 
200 mm, Hg. The wide latitude of pres- 
sures necessary is due to the differences 
in the elasticity of the rubber, the thick- 
ness of the rubber, the differences in the 
size of the cuffs, the differences in vol- 
umes of air necessary to inflate the cuff, 
and differences in the distance between 
the outer cuff wall and the trachea. Tlie 
lateral pressure exerted by the cuff itself 
on the tracheal wall is a more constant 
value and bears no direct relationship 
to the intracuff pressure. This pressure 
ranges between 10 and 15 mm. Hg when 
inflated to the point which causes a seal 
that maintains pressures ranging be- 
tween 15 and 20 mm. Hg in the inhaler 
and trachea (Fig. 17.3). After this mini- 
mal pressure necessary to effect the seal 
has been attained the lateral pressure on 
the interior of the trachea rises in pro- 
portion to the intracuff pressure if addi- 
tional air is introduced into the cuff. 
This pressure may become so great that 
it tends to stretch tlie trachea and to 
compress the capillaries and arterioles 
in the mucosa. Ischemia and possibly 
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Fig 17.3 Hie pressure within a conventional latex endotracheal cuff con- 
trasted with that exerted upon the trachea by the cuff. 


necrosis of the tracheal mucosa may re* 
suit. 

Attention has been called to possible 
trauma which might result in contusions 
and lacerations to the trachea, bronchi 
or alveoli by rupture of a cuff. However, 
the ill-effects of tliese complications liave 
been grossly exaggerated. Ordinarily 
less than 10 ml, of air are necessary to 
inflate most cuffs. Forty ml. or more air 
are necessary to rupture most latex cuffs. 
Such volumes ordinarily generate pres- 
sures not exceeding 250 mm. Hg. Intra- 
cuff pressures exceeding 1000 mm. Hg, 
generated by volumes as great as 40 cc., 
even when the cuffs were ruptured 
caused no discemable trauma to the 
trachea, bronchi or lungs of dogs. 

Sealing ErncmNCY of tiee Cuff 

The cuff is 100% effective in prevent- 
ing the aspiration of gastric contents and 
other secretions from the pharynx into 


the trachea. This has been verified by 
the preoperalive administration of dyes 
into the stomach and attempting to Iden- 
tify the dye in tlie pharynx and the 
trachea. 

Obstructive Effects of Cuffs 
The routine use of an endotracheal 
catheter of a single size for all patients 
has been suggested by Beecher. He sug- 
gests a 32 F catheter. Even without a 
cuff, such a catheter offers enough re- 
sistance to the respired gases to cause 
a measurable decrease in the minute 
volume exchange and an increase in ven- 
tilator)' effort. Resistance increases pro- 
gressively as the diameter of tlie catheter 
is decreased in an airway of constant in- 
ternal diameter. This increase in resist- 
ance occurs even though the space be- 
tween the catJieter and the tracheal wall 
becomes greater and the gases are free 
to pass around the catheter. This is un- 
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derstandable, since, as the internal diam- 
eter of a catheter decreases the critical 
point is approached at which the flow 
ceases to be laminar and becomes turb- 
ulent. Equipping a catheter with an in- 
flated cuff causes a still greater increase 
in resistance because the portion of gases 
passing around the catheter, in the case 
of the uncuffed catheter, must all pass 
through the catheter. 

DIFFUSION OF GASES THROUGH 
NON-LIVING MEMBRANES 

The thorough mixing of gases and 
vapors to form a homogeneous mixture, 
which is so essential in anesthesia, is ac- 
complished by the physical phenomenon 
of diffusion. The heaviest vapor and the 
lightest gas become intimately mixed 
within a short time and behave as de- 
scribed by the laws of Fick, Dalton and 
Graham. 

Gases diffuse not only into other gases, 
but also through liquids, and, in some 
instances, even through solids. The dif- 
fusion through liquids is an important 
factor in considering diffusion in the 
tissues. The membranes of the lungs, 
blood vessels and other organs are chiefly 
water. The diffusion of gases through 
h\TDg membranes is described in Chap- 
ter 4. 

The diffusion of gases through non- 
living substances, such as solids and 
liquids, depends upon the porosity of the 
substance, size and weight of the mole- 
cules, and the solubility of the gas in 
the substance. An extremely light but 
rapidly diffusing gas, such as helium, 
may diffuse through glass, which is not 
porous in the ordinary sense. Low' dens- 
ity gases may leak at slip joints and 
sleeve connections with ease while the 
same structures may be imper\’ious to 
heavier gases. 


Inhalational Appliances 
Permeabujty of Rubbeb 

The solid of interest in anesthesia 
through which diffusion occurs is rubber. 
Rubber is permeable to most gases used 
in anesthesia. Inasmuch as anesthesiol- 
ogists rely upon rubber for reservoirs 
and conduits for vapors and gases, this 
aspect of diffusion through solids is im- 
portant. Permeability of a rubber mem- 
brane to a gas varies not only with the 
type of gas but also with the thickness, 
composition and age of the rubber. The 
addition of carbon and other materials 
to render the rubber conductive also 
alters the permeabflity. Aging of a film 
of rubber is usually accompanied by a 
decrease of permeability to gases. The 
permeabilit)’ of a particular gas is in 
direct proportion to the partial pressure 
in its relation to the constant total pres- 
sure. The diffusion of hydrogen, the 
lightest gas known, through a rubber bag 
varies inversely as the diickness of the 
rubber. An increase in temperature 
causes an increase in the rale of diffu- 
sion. Hydrogen diffuses through the 
same rubber bag twenty-two times faster 
at 100°C. than at 0®C. The permeability 
of rubber to certain vapors may be much 
greater than to the inert inorganic gases 
since the majority are organic com- 
pounds and may combine with or dis- 
solve in the rubber. The hydrocarbons 
and ethers, for example, dissolve in rub- 
ber, Water vapor diffuses through rub- 
ber about five times faster than hydro- 
gen. Wineland and Waters studied the 
diffusibility of anesthetic gases through 
rubber by noting the comparative loss 
of w’eight from a JO liter rubber bag 
filled with the gases over a forty-eight 
hour period. The loss of ox)'gen was 
found to be 0.32 grams, ethylene 1.00 
grams, carbon dioxide 4.6 grams and 
nitrous o.xide 7.00 grams. 
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The Behavior of Gases and Vapors in 
Body Fluids and Tissues 


SOLUBILITY AND DIFFUSION 


CONCENTRATIONS OF CASES 
IN TISSUES 

T he BEHAVion of gases in tissues and 
body fluids is an important consid- 
eration in anesthesia and Inhalation 
tbeiapy. A constant \ntetcl\ange of gases 
occurs between the cells and the ex- 
ternal environment through tlie medium 
of the extracellular fluid and blood. Tlic 
molecules of each component gas of a 
mixture of gases become distributed 
evenly in a homogeneous medium in ac- 
cordance with the laws of diffusion. 
Each gas present in such a medium 
exerts its own partial pressure. The sum 
total of all the pressures of each com- 
ponent gas in the pulmonary alveoli, 
blood, and cells equals atmospheric pres- 
sure {760 mm. Hg). 

METHODS OF EXPRESSING 
CONCENTRATIONS OF GASES 
The concentration of a gas in a mix- 
ture of gases or in a liquid may be ex- 
pressed in one of three ways. One may 
refer to the weight of the gas in grams 
or other units of weight per unit volume. 
This is an absolute and constant value, 
since it is an index of the number of 
molecules present. One may express the 
concentration by indicating the partial 
pressure the gas exerts in millimeters of 


mercury. This, again, is a constant value, 
since it is also a reflection of the total 
number of molecules present. One may 
use a third method of designation and 
refer to the percent composition of the 
gas. The term volumes percent refers to 
the units of volume of a gas per 100 
units of volume of a substance. This is 
not an absolute value since it is not a 
reflection of the number of molecules 
present. Oxygen is present in air in a 
concentration of 21 ml. per 100 ml., or 21 
volumes percent. The pressure exerted 
by the ox)’gen is 2IS of atmospheric 
pressure (760 mm. Hg) or 150 mm. Hg. 
The concentration of a gas in terms of 
volumes percent does not necessarily in- 
dicate the amount (weight) of a gas pres- 
ent because this varies with changes in 
atmospheric pressure. Thus, at sea level 
the tension of each component gas in 
the atmosphere is much greater than at 
a high altitude but the percentage com- 
position in volumes percent of each gas 
remains unchanged at each elevation. 
An 80% nitrous oxide and 20% oxygen mix- 
ture may be effective for anesthesia at 
sea level but ineffective at liigher alti- 
tudes. The number of milligrams of 
nitrous o.xide which dissolves in plasma 
is much less at the reduced barometric 
pressure even though the percent com- 
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Fio. 1.4. Variations in alveolar tensions when a mixture composed of 21% oxygen (by volume) 
and an inert gas is inhaled at different alUludes. The inhaled percent composition does not vary 
at any altitude. The amount of each gas which dissoKes in blood is proportionate to the partial 
pressure and, therefore, varies with changes in alUtude. Alveolar carbon dioxide and water vapor 
tensions remain constant. 


position is the same as at sea level (Fig. 
1.4). 

DETERMINATION OF 
CONCENTRATION 
Concentrations of gases in fluids and 
tissues may be determined by a variety 
of techniques. Usually they are analyzed 
directly (see Gas Analysis) by determin- 
ing the amount of physically dissolved 
gases. However, they may also be de- 
termined by equilibrium techniques. In 
equilibration techniques a small bubble 
of a gas is mixed with the blood or fluid 
whose gas tension is to be determined 
in a chamber called a tonometer. Hie 
volume in the bubble is minute com- 
pared to the volume of fluid used. The 


gas to be analyzed passes into the bub- 
ble. After time for equilibration has 
elapsed the gas tension in the bubble is 
determined by direct analysis. 

PRESSURE GRADIENT 
A gas diffuses from tlie blood to tis- 
sues, and vice versa, only if a pressure 
gradient exists for that gas between 
these points. The greater the difference, 
that is, the steeper the gradient, the 
more easily the interchange occurs. 
Blood merely acts as a medium of trans- 
port for gases and vapors between the 
lungs and tissues. The oxygen in the 
atmosphere exerts a pressure of 152 mm. 
Hg. In the alveoli the pre.ssure is 105 
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Fic. 2.4. The inhalation of one hundred percent oxygen by the semi-closed sys- 
tem causes « displacement of nitrogen from the alveoli and bfood. A pressure gra- 
dient is thus established between tissues and blood. This favors the eliminab'on 
of intracellular nitrogen. Note that the partial pressure of nitrogen In tissues is 
high even though the quantity of nitrogen in tissues is small. Nitrogen does not 
combine with any substance in the body and is relatively insoluble. 


inm. Hg; in the blood it is 90 mm. Hg; 
in the tissues it is zero. The difEusion is 
from the outside air, to the alveoli, to the 
arterial blood and thence to the tissues. 
Interchange of gases between the atmos- 
phere and the pulmonary alveoli is aug- 
mented by variations in pressure within 
the thoracic cage caused by the respira- 
tory excursions. This accentuates tlie dif- 
fusion by attempting to equalize the ten- 
sion of the gases in the lungs and outside 
air, thus establishing a steeper gradient 
between the alveolar air and blood. 
Thus, a higher gradient is established 
between the alveolar gases and the blood 
by the respiratory movements than could 
be attained by simple diffusion. In spite 
of tlie respiratory exchange, the com- 
position of tho alveolar gases remains 
remarkably constant. The inward move- 
ment of gases from the air to the alveoli, 
then, is aided by mechanical means. On 
the other hand, the passage of gas to tis- 


sues from the alveoli depends solely 
upon the diffusibility through the cells. 

Tlie same principles apply to the elim- 
ination of gases. The gases in the tissues 
are at a higher gradient than in the blood 
and in the blood tliey are at a higher 
gradient than in the alveoli. The me- 
chanical mixing caused by the respira- 
tory movements helps establish a steep 
gradient from the blood to the outside 
air. 

The partial pressure of carbon dioxide 
in the atmosphere is almost zero; that in 
tlie alveoli is 40 mm. Hg at ordinary 
atmospheric pressure; and that of the 
venous blood is 46 mm. Hg. Tlie gra- 
dient, therefore, is from tlie blood to the 
alveoli to the outside air. The partial 
pressure of carbon dioxide in the tissues 
varies. It may be as high as 60 or 70 mm. 
Hg. Diffusion of carbon dioxide, there- 
fore, is from the tissues to blood (Fig. 
2-4). If the partial pressure of carbon 
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dioxide in inhaled air is increased, the 
pressure gradient for the gas from blood 
to alveoli is decreased and the alveolar 
tension rises above normal. If the per- 
cent inhaled is sufficient to raise the 
alveolar concentration 0.1% by volume, 
enough carbon dioxide accumulates in 
the tissues to stimulate respiration. 

The same principles apply to the ab- 
sorption and elimination of other gases 
and vapors which pass into or from the 
tissues. Nitrogen, helium and anesthetic 
gases and vapors diffuse in and out of 
the body in the same manner as do oxy- 
gen and carbon dioxide. 

DIFFUSION RESPIRATION 

The transport of gases to and from tht* 
tissues is augmented by the respiratory 
movements. In the absence of respira. 
tory movements (induced by curariza- 
tion) the interchange still occurs, but at 
a more gradual rate, since the gradient 
from the outside air to the alveoli is ^ 
declining slope instead of a steep one. 
The inward diffusion of oxygen may be 
accelerated by creating a steeper gra- 
dient by flooding the mouth and nares 
with 100% oxygen. It is the gradient, and 
not the total amount of available o^- 
gen, which determines the amount of 
diffusion. In the alveoli the absorption 
of oxygen is rapid due to its solubility 
and ease of combination with hemo- 
globin. This causes the tension in the 
alveoli to fall. This pressure differential 
flogments the diffusion into the lungs 
from the trachea and mouth. Draper and 
Whitehead have studied this phenom- 
enon in dogs and have termed it 
Sion respiration. Oxygenation was ade- 
quate but the outward diffusion of car- 
bon dioxide remained unchanged and 
® retention occurred. These NviiteTS 


claimed that the hemoglobin effect cre- 
ates a negative pressure and have re- 
ferred to it as the “hemoglobin pump.” 

DIFFUSION COEFFICIENTS 
The rate of diffusion of a gas into a 
liquid is directly proportional to the ab- 
sorption coefficient (solubility of the gas) 
in that liquid and inversely proportional 
to the molecular weight of the gas. While 
it is true that cells are largely water, and 
that solubility plays the dominant role, 
soiid constituents are present which alter 
this concept. The diffusion of gases 
through a cell membrane and protoplasm 
is difficult to estimate because the com- 
position and physical nature of proto- 
plasm vary from species to species and 
from tissue to tissue, and even for a 
given particular tissue under different 
conditions. Krogh has defined the diffu- 
sion coefficient of oxygen through tissues 
as the number of cubic centimeters of 
the gas which diffuse 0.001 mm. distance 
over a square centimeter of surface per 
minute at one atmosphere pressure. The 
diffusion coefficient of a particular gas 
through the pulmonary epithelium may 
be defined as the number of cubic centi- 
meters of the gas absorbed per minute 
per millimeter of pressure difference be- 
tween blood and alveolar air. The co- 
efficient varies in different individuals 
due to variations in the capacity of the 
lungs, patency of the capillaries, area of 
alveolar membrane and other physiologi- 
cal factors. The coefficient for oxygen 
through pulmonary' epithelium at rest is 
between 25 and 45; for carbon dioxide 
it is approximately 500. It must be noted 
that carbon dioxide has a greater water 
solubility than oxygen. Tlje diffusion co- 
efficients for xolatile anesthetics have 
not been studied. Little reliable data is 
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avnilable. All the common anesthetic ease through living membranes into the 
gases and vapors, however, pass wth blood. 

TRANSPORT OF INERT GASES IN BLOOD AND TISSUES 


Gases are carried in blood either by 
simple solution or they are reversibly 
combined with some constituent in the 
blood. Chemical combination permits a 
greater amount of a gas to be transported 
by the blood than would be allowed by 
mere simple solution. Appro.ximately 19 
volumes percent of oxygen is carried by 
the blood normally. Only 2.4 volumes 
percent of this are carried by simple 
solution; the remainder is carried In as- 
sociation with hemoglobin. Nitrogen is 
chemically inert and combines with no 
particular substance normally present in 
the blood and tissues. This gas is, there- 
fore, carried entirely by simple solution. 

Anesthetic gases and vapors behave 
like nitrogen in tliis respect. They are 
chemically inert and are carried by sim- 
ple solution in the plasma to the tissues. 
Volatile anesthetic drugs are distributed 
in the cells and plasma according to their 
solubility in the various substances com- 
posing the cell. For example, tlie red 
cells cany approximately times as 
much cyclopropane or ethylene as does 
the plasma. Ether, on the other hand, 
since it possesses a relatively higher de- 
gree of water solubility, is distributed 
almost equally between the plasma and 
cells. Chloroform is found in greater con- 
centration in the cells tlian in plasma. 
This greater predominance of some an- 
esthetic drugs in the red blood cells is 
most likely due to their greater solubility 
in lipoids inasmuch as the erythrocytes 
are rich in lipoids. The solubility of a 
lipophilic anesthetic like cyclopropane 
varies with the hemoglobin content of 
the blood. 


ABSORPTION OF VOLATILE INERT 
ANESTHETICS AND GASES 
Inhalational anesthetics are chemically 
inert in the body. They undergo no 
significant alteration in structure and 
are released unchanged, almost quanti- 
tatively, through the lungs. The amount 
excreted by the kidney, through the 
skin, into the bowel and by salivary and 
sweat glands is relati\'ely insignificant. 
Their absorption and elimination from 
the lung are basically the same as and 
follow the same physical laws appli- 
cable to the inert non-anesthetic drugs. 

FACTORS INFLUENCING 
ABSORPTION 

The depth of anesthesia using volatile, 
Inert anesthetics is directly dependent 
upon the tension of the drug In the 
brain. The tension in the brain, when 
anesthesia is fully established, is at equi- 
librium with that of the arterial blood 
The arterial blood tension, in him, is at 
or near a point of equilibrium with the 
gas tension in the alveoli. Thus, the 
tension of the drug in the brain is di- 
rectly dependent upon the alveolar ten- 
sion. The tension in the alveoli in turn 
depends upon the pulmonary ventila- 
tion. 

The amount of a gas or vapor which 
diffuses through the alveoli into the 
blood depends upon the percent of the 
minute volume exchange which reaches 
the alveolar surface and the concentra- 
tion of the drug in it when it reaches 
the alveolar membrane. The higher the 
concentration, the steeper the pressure 
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gradient. The volume of air in contact 
with the pulmonary epithelium is called 
the functional residual air volume. The 
inspired air (tidal air) mLxes with the 
functional residual air. The tension in 
the alveoli depends on how much of the 
inspired volume mixes with the func- 
tional residual air volume. The smaller 
the functional residual air volume is in 
relationship to the inspired air volume 
the more readily and rapidly the mixing 
occurs. ^Vhen the tidal volume is pro- 
portionately less than the functional re- 
sidual volume, mixing is slower and the 
resulting alveolar pressure gradient is 
not as steep. 

SIZE OF THE DIFFUSION SURFACE 
The size and the state of the pulmo- 
nary diffusion surface is important be- 
cause the amount of gas which passes 
into the blood depends upon how much 
of the gas comes into contact \vith, and 
how easily it passes through, the pul- 
monary epithelium. If maldistribution 
of the gases occurs in certain areas of 
the lung and some of the inhaled gases 
do not reach the functioning respiratory 
epithelium, even though the perfusion 
of blood through the area is adequate, 
the interchange of gases does not pro- 
ceed as it should. 

Ordinarily, diffusion of anesthetics 
through a normal pulmonary alveolar 
membrane takes place with ease. Dif* 
ferences in the numerical values in the 
diffusion coefficients of the various anes- 
thetics across living membranes are of 
no apparent consequence, as far as diffu- 
sion is concerned, since it occurs easily 
and quickly with all anesthetics. Ab- 
normalities of the membrane, such as 
edema, thickening or areas of fibrosis 
may interfere wdth diffusion and retard 
it or prevent it, however. 


ETHER 1 Mg. 


CYCLOPROPANE 

1 Mg. 

AIR 100 Ml. 
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BLOOD 100 Ml. 

ETHER 15 Mg. 


CYCLOPROPANE 

0.4 Mg. 


Fic 3 4 The air blood ratio (solubility co- 
efficient) IS the rabo of the disbibution of a gas 
or vapor in identical volumes of a gaseous and 
liquid phase at equilibrium. For ether distrib- 
uted between air and blood at 37® the ratio 
IS 115. 

DISTRIBUTION COEFFICIENT 
After the gas has passed through the 
alveolar epithelium it passes through the 
endothelium into the capillaries. Once in 
the capillaries the drug dissolves in the 
blood. Tlie amount which dissolves in 
the blood depends upon the distribu- 
tion coefficient (Chap. 1). The distribu- 
tion coefficient is the ratio of the con- 
centration of the gas in the blood to the 
concentration of the gas or vapor in air 
when an equilibrium has been estab- 
lished between equal volumes of mix- 
tures of air and volatile drugs and the 
blood (Fig. 3.4). Ether, one of the most 
water soluble of the inhalational anes- 
thetic gases, has a solubility coefficient 
of 15. By this is meant that 15 parts of 
ether are present in blood to one in air 
when equal volumes of blood and air 
are equilibrated. This ratio differs for 
each anesthetic drug. For cyclopropane 
it is 0.4 to 1.0; for ethylene it is 0.12 to 
1.0; for chloroform it is 10 to 1.0. Drugs 
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Pic. 4.4. (A) Rise In alveolar con- 
centration of a gas insoluble in 
blood and water. The plateau does 
become a horizontal line. (B) Rise 
in the alveolar concentration of a 
gas having a low solubility coeHi- 
cient. The plateau which results 
when the lung is Blled with the gas 
continues to slope upward until 
blood and tissues axe saturated (C) 
Tlic alveolar concentration of an 
inhaled gas or vapor highly soluble 
in blood and tissues rises giadually. 


having low solubility cocfBcients quickly 
saturate the blood, particularly if the 
partial pressure required for anesthesia 
is high. Ethylene requires a partial pres- 
sure of 650 mm. Hg for anesthesia and 
possesses a low solubility coefficient. In- 
duction and recovery, as clinical ex- 
perience shows, are rapid with this drug, 
requiring only 2-3 minutes. The total 
amount of a gas or vapor which passes 
from the alveoli into the blood is de- 
pendent upon the solubility of the gas 
in blood, the total amount of blood to 
which the gas or vapor is exposed and 
the rapidity of blood flow through the 
lungs. The more soluble a gas is in blood, 
the more easily it is carried away from 
the alveoli. Therefore, the alveolar ten- 
sion of a relatively highly water soluble 
gas like ether increases slowly since it is 
so soluble and is carried away rapidly. 
Induction, therefore, is slow. 

If a constant concentration of a poorly 
soluble gas mixture is inhaled through a 
non-rebreathing valve, assuming that 


the blood absorbs none of the gas, there 
is a rapid increase in the concentration 
in the lungs ns the other gases are dis- 
placed. A steeply rising curve terminat- 
ing in a plateau results (Fig. 4.4) This 
plateau represents the point at which 
the concentration of tlie gas supplied to 
llie inhaler and that in the lungs are 
equal. This condition, however, never is 
attained in clinical anesthesia because 
anesthetics all possess some degree of 
blood solubility and the pulmonary 
blood flow depletes the alveolar tension 
by absorbing and distributing the drug 
to the tissues. The steep rise in the curve 
ends in a gradual slope instead of a 
plateau (Fig. 4.4). 

BLOOD FLOW THROUGH 

the lungs 

Tims, another factor enters into the 
picture-lhe factor of adequate pulmo- 
nary perfusion. Adequate perfusion de- 
pends upon die volume of blood passing 
through the lungs, the circulation time 
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and the patency of the capillaries. The 
pulmonary blood flow depends upon the 
output of the right side of the heart 
since all of this goes through the lungs. 
The pulmonary blood flow carries the 
gas from the lungs to the left side of the 
heart and thence to the tissues. The 
amount of a particular drug of a given 
solubility absorbed by a given volume of 
blood will depend upon the duration of 
exposure; in other words, the circulation 
time. This varies with the physiological 
stale of the individual. Circulation time 
is of such rapidity, however, that fluctua- 
tions in rate ordinarily encountered are, 
even in disease, slight in comparison to 
the over-all rate. Changes in the calibre 
and patency of the vessels in an area of 
the lung, such as might be caused by 
sclerosis or fibrosis, may cause inade- 
quate perfusion of that area. Gaseous 
exchange cannot occur in that area even 
though ventilation is adequate and pul- 
monary circulation time and cardiac out- 
put are normal. 

ABSORPTION BY THE TISSUES 
The amount of a gas or vapor which 
passes into a particular tissue depends 
upon the mass of tissue, the solubility of 
the gas in it and the blood flow through 
the tissue. Most volatile anesthetics are 
lipophilic, that is, they are highly fat 
soluble and poorly water soluble. Vola- 
tile anesthetic drugs are listed according 
to the magnitude of their oil-water dis- 
tribution coefficients. Tlie higher the 
coefficient the greater the potency, as a 
rule. The uptake of anesthetic by high 
lipoid content tissues, therefore, is 
greater than that of the low lipoid con- 
tent tissues. The rapid uptake of a highly 
fat soluble anesthetic causes the concen- 
tration in the blood to remain at a low 
level. This in turn favors the mainte- 


nance of a low alveolar tension. Should 
the anesthetic have a low tissue solubil- 
ity, or should the total mass of tissue be 
low, the tissue will be saturated quickly. 
The arterial blood concentration then 
rises. The concentration in the venous 
blood rises and tends to approach that 
of the arterial. Since the venous blood 
is returning to the lung with an increas- 
ing amount of drug the alveolar tension 
begins to rise. In due time equilibrium 
is established between the alveoli, ve- 
nous blood and arterial blood (Fig. 5.4). 
The solubility in the tissues, however, 
means little if perfusion is inadequate. 
Organs and tissues with a profuse blood 
supply are more easily saturated than 
those with a poor blood supply. Nervous 
tissues, particularly those composing the 
brain, have a profuse blood supply. Each 
100 grams of brain has at least a 50 cc. 
blood flow per second. Equilibrium is 
established between the blood and brain 
before it is with other tissues. The mus- 
cles and viscera have an excellent blood 
supply also. Relatively speaking their 
l/poid contents are low. They, however, 
saturate quickly with lipophilic drugs. 
The adipose tissues, in spite of their 
great affinity for anesthetics, have rela- 
tively speaking, the poorest blood supply 
of tlie soft tissues and may, therefore, be 
the last tissues to become saturated and 
desaturated. 

ABSORPTION BY THE BRAIN 
Emphasis has been placed upon the 
fact that the concentration of drug in 
the brain determines the depth of anes- 
thesia. The tension in the brain, as is 
the case with other tissues, depends 
upon the cerebral blood flow and the 
tension in the arterial blood. The cere- 
bral blood flow depends upon the ar- 
terial blood pressure and upon the re- 
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Fie. 5.4. The method of absorption and elimination of gaseous and volatile 
Anesthetic substances is $ho\vn. During induction the drug passes into arterial 
blood and then to tissties. Some tissues absorb a considerable portion. The 
venous blood returns to the lungs containing little. As soon as ec|uilibnum is 
established between arterial blood and the brain, narcosis is attained. The 
venous blood returns to the lungs still containing less than arterial blood be- 
cause tissues other than brain are not in equilibrium with arterial blood. 'SVhen 
complete saturation is attained an equilibrium exists between the venous and 
arterial blood and all tissues. During recovery the drug leaves the venous 
blood and passes into the alveob. The drug in the arterial blood which leaves 
the lung is in equilibrium svith that in the alveoli. The amount which is re- 
tained in arterial blood d^ends upon the atr-blood distribution coefficient of 
the particular agent. During each successive alveolar circulation a proportional 
distribution occurs between air and blood until the drug is completely elimi- 
nated. 


sistance to passage of blood tlirough the 
cerebral vascular system. However, the 
brain differs in certain respects from 
other organs in regards to blood flow by 
possessing a well defined intrinsic con- 


trol of the blood vessels within it. Up to 
a point, blood pressure plays a role in 
mamtaining blood flow. Beyond this, 
however, the intrinsic regulatory mech- 
anism comes into play and adjusts the 
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cerebral vascular resistance. This cere- 
bral vascular resistance is influenced by 
the viscosity of the blood, the intracra- 
nial pressure, the calibre of the vessels in 
the brain, the chemical constituents of 
the blood and the neurogenic tone of 
the vessels. 

BLOOD BRAIN BARRIER 
In addition to cerebral blood flow and 
vascular resistance, a factor known as 
the blood brain barrier influences the 
cerebral content of anesthetics. This is 
thought by some to be an inherent fac- 
tor of the cerebral cell and capillary 
membrane interphase which selectively 
resists the passage of substances into the 
brain. Others feel that no barrier exists 
and that the selective uptake is a matter 
of solubility. Direct studies on the rate 
and ease of the passage of anesthetics 
across the blood brain barrier are few. 
If there is any resistance to passage, it 
must be slight and of little clinical sig- 
nificance because most anesthetics act 
rapidly. This may be explained by the 
fact tliat substances which readily pass 
the blood brain barrier are generally 
lipoid soluble. Once the drug passes into 
the brain it dissolves readily because, 
relatively speaking, the brain is rich in 
lipoids, 

VENOUS BLOOD TENSION 
^Vhen inhalation of an inert gas, for- 
eign to the body, is first commenced the 
venous blood level is less than the arte- 
rial. On the other hand, the venous blood 
tension of a gas which is being elim- 
inated is higher than the arterial. The 
rapidity with which the alveolar tension 
of a foreign gas rises is also influenced, 
to a great extent, by the partial pressure 
of the anesthetic in the venous blood re- 
turning to the lungs from the tissues. 


Venous blood returning to the alveoli 
saturated with the anesthetic facilitates 
the elevation of the alveolar tension. The 
venous tension may remain low for a 
long period of time, particularly if a 
highly soluble anesthetic, such as ether, 
is being administered. The venous blood 
tension is directly influenced by the 
quantity taken up by the tissues. This 
depends upon the blood flow through 
the tissues, such as the muscles, watery 
organs and the fat depots and the solu- 
bility of the drug in these tissues. The 
muscles, watery organs and adipose tis- 
sues constitute the greater portion of the 
body weight. Therefore, these consti- 
tute the greater portion of the anesthetic 
absorbing tissues. 

RATE OF INDUCTION 

The rate of induction of anesthesia, 
then, corresponds to the rate of buildup 
of the anesthetic tension in the arterial 
blood. This depends upon the solubili- 
ties of the individual gases. Plotted 
graphically, the curve representing the 
buildup of the concentration in the ar- 
terial blood shows a rapid initial rise; 
then depending upon the displacement of 
nitrogen and other gases from the lung, 
a point is reached at which the curve 
assumes a plateau. The initial rise in the 
curve represents the buildup of the 
alveolar tension. The plateau portion of 
the curve represents the uptake of the 
anesthetic by the body tissues (Fig. 4.4). 

EFFECT OF VARYING INHALED 
CONCENTRATIONS 

The induction period may be short- 
ened by commencing with an inhaled 
concentration greater than that neces- 
sai}' to maintain anesthesia. For example, 
the concentration of ether which is nec- 
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essary for maintenance of anesthesia is 
4 volumes percent or 30 mm. Hg pres- 
sure. If induction is commenced with 
this concentration, consfderahle time 
would be required to build up an ade- 
quate blood and brain tension because 
of the high coefficient of solubility of 
ether. In clinical anesthesiology it is 
common to commence induction with 
concentrations of ether as high as lOT. 
Then, as the alveolar and blood tension 
increase, the inspired tension is reduced 
to the maintenance level. 

The rate of pulmonary displacement 
(“washout”) of nitrogen depends upon 
the ratio of effective minute volume res- 
piration to lung volume. ^Vhen all fac- 
tors are constant in a given individual, 
such as cardiac output, minute volume of 
respiration, lung volume, total mass of 
body tissue and so on, the differences in 
the rate of induction willi different an- 
esthetics depend upon the differences 

ELIMINATION OF INERT 

After a variable period of time, an 
equilibrium is established between ar- 
terial blood and the tissues. The tension 
of the gas or vapor in venous blood ap- 
proaches that of the arterial blood. Ap- 
proximately 15 minutes elapses before 
equilibrium is established between ve- 
nous and arterial blood when cyclopro- 
pane is administered. Ether requires 
much more time. Ether is not onlj' highly 
soluble in lipoids but is also moderately 
soluble in water, comparatively speak- 
ing. Therefore, it becomes distributed 
more evenly between tlie watery and 
lipoid tissues. 

The alveolar tension of a drug is 
quickly reduced as soon as the adminis- 
tration of the dnig is interrupted and 
room air is inhaled. Any equilibrium 


in solubility of the anesthetic gas or va- 
por in the blood and in the body tissues. 

SUMMARY OF FACTORS INVOLVED 
IN ABSORPTION 

The factors involved in absorption of 
gases may be summarized as follows: 
(1) The tension which is inspired. This 
establishes the pressure gradient from 
the outside atmosphere to the inside of 
the lungs. (2) The tidal exchange. Tliis 
determines the amount of drug taken 
into the lung. (3) The functional resi- 
dual air volume. This determines the 
degree of mixing and the pressure gra- 
dient from alveoli to blood. (4) The area 
of the diffusion surface. (5) The solubil- 
ity in blood. (6) The blood flow through 
the lungs. (7) The blood flow through the 
brain. (8) Absorption by or penetration 
into the brain. (9) The solubility in other 
tissues. (10) The blood flow through other 
tissues. 

VOLATILE ANESTHETICS 

which exists between the blood and the 
alveolar air is disnipted and the drug 
begins to diffuse from the venous blood 
into the alveoli. There is a tendency to- 
wards establishment of an equilibrium 
between the drug which is diffusing into 
the alveoli and that which remains in the 
venous blood which is about to leave the 
lung. This state of equibbrium is never 
realized, however, because pulmonary 
ventilation brings in more fresh air. The 
arterial blood leaves the lung with a con- 
centration of drug which is nearly in 
equilibrium ivitli tliat of the alveolar air. 
Drugs having a large air blood distribu- 
tion coefficient which require a low par- 
tial pressure for anesthesia, such as ether, 
part with only a small fraction (1/16) of 
the total dissolved in the blood during 
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Fig. 6.4. Curves shovWng comparison of the eli^ation of 
ethyl ether (a) and cyclopropane (b). 


each complete circuit to the lung. Re- 
covery with this type drug, therefore, is 
slow. Drugs which require a high alveo- 
lar partial pressure for anesthesia and 


which Jiave a low blood solubility, such 
as ethylene, are eliminated rapidly. 

Tissues which possess a profuse blood 
supply and in which the drug is poorly 
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soluble are not only easily saturaled but 
also easily dcsaturaled. NTcrvous tissues, 
particularly the brain, are dcsntumted 
sooner than adipose tissues, even though 
they are both rich in lipoids because 
they have a more profuse blood supply. 
Adipose tissues have tlic poorest blood 
supply of most soft tissues and are per- 
haps the last to become desaturaled. The 
elimination of a lipophilic anesthetic 
from adipose tissues is slow. Long after 
the other organs are desaturaled adipose 
tissue continues to discharge minute 
amounts into the venous blood. For ex- 
ample, the greater portion of cyclopro- 
pane is eliminated from the blood within 
10 minutes. Minute amounts, ho%vever, 
can be detected in venous blood for sev- 
eral hours. Tliis persistant trace is due 
to the fact that lipoid tissues, since they 
have both a poor blood supply and a 
great affinity for tlje agent, part with it 
slowly. 

Tlie rate of elimination of a substance 


may be visualized graphically by plot- 
ting the concentration in blood at a given 
moment against time on semilogarithmic 
paper. The curve plotted from data on 
the elimination of ethyl ether is a sloping 
straight line (Fig. 6.4). The curve for 
chloroform drops rapidly in the first 30 
minutes and blends into a straight line. 
Tlic curve for cyclopropane drops rap- 
idly within 10 minutes and blends into 
a straight line. 

DIFFUSION ANOXU 
At the conclusion of nitrous oxide an- 
esthesia, if air is inhaled, anoxia may 
result from the rapid outward diffusion 
of the dissolved nitrous oxide into the 
alveoli. Nitrous oxide is approximately 
30 limes more soluble in blood than 
nitrogen. The outgoing nitrous oxide and 
the incoming nitrogen, both of which 
arc at high partial pressures could dilute 
the o.xygen to subnormal levels. 


DENITROGENATION OF THE BLOOD AND TISSUES 


Nitrogen is dissolved in all the tissues 
of the body. The partial pressure of 
nitrogen in inspired air at sea level is 
79S of one atmosphere, or approximately 
600 mm. Hg. The partial pressures in the 
alveoli, venous blood, arterial blood and 
tissues are approximately the same. Var- 
iations are slight since the gas combines 
with none of the body constituents. 
Blood and tissue nitrogen may be re- 
placed by otlier gases, such as oxygen, 
helium, nitrous oxide, ethylene and so 
on. This is accomplished by administer- 
ing tlie displacing gas continuously using 
a semi-closed inhaler with a non- 
breathing valve (Chap. 3). The exhaled 
gases pass through one valve while in- 
haled gases are supplied continuously 


willi fresh displacing gas from a reser- 
voir through another valve. The inhaled 
tension of nitrogen at the lips and nares 
is zero. Nitrogen, which forms part of 
the exhaled gases, is gradually elimi- 
nated. 

“NITROGEN WASHOUT" 

Tlie removal of nitrogen from the 
Iiuigs and tissues is often called “nitrogen 
washout.” ^Vhen the lung is normal and 
there is no maldistribution of gases in 
the alveoli, nitrogen displacement re- 
quires 23* minutes (Fig. 7.4). The arterial 
blood, likewise, is rapidly depleted of 
nitrogen and the nitrogen is replaced by 
tlie displacing gas. The tissues, however, 
desaturate much more slowly. Complete 
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MINUTES 

Fig. 7.4. Nitrogen refill lime of lung when breathing of air is resumed fol- 
lowing inhalation of 100% oxygen. Emptying time and refill time are nearly 
equal in absence of pulmonary disease (2-3 min.). (See Fig. 8.3, Chap. 3.) 

body desaturation requires 7-8 hours, and blood and the concentration is near- 
\Vhen maldistribution is present, as it is ly zero. Gradually, during maintenance, 
in certain types of pulmonary diseases diere is an interchange between the 
(emphysema), the nitrogen displace- nitrogen dissolved in the tissues and the 
ment may require 5 or 10 minutes. Nitro- anesthetic gas in the blood. If tlie semi- 
gen emptying time of the lung is used as closed system has been converted to a 
a basis for pulmonary function tests. The closed one, nitrogen begins to accumu- 
pulmonary nitrogen refill time, likewise, late in the inhaler. Therefore, a periodic 
is rapid, requiring 2 to 3 minutes if the “washout” is necessary to prevent dilu- 
lung is normal. tion of the gases with nitrogen (Fig. 8.4). 

Nitrogen must be eliminated to estab- 
lish anesthesia with nitrous oxide and TISSUE NITROGEN 

ethylene, since these require a high par- The bowel distension in intestinal ob- 
lial pressure in the alveoli and blood to struction is due largely to the accumula- 
be effective. Tlie nitrogen per se does not fiou of nitrogen wthin the lumen. In- 
interfere with anesthesia. It Is objection- halation of 1002 oxygen through a semi- 
able because it dilutes both the anes- closed system establishes a gradient for 
Ihelic gas and the oxygen. Elimination nitrogen from tissues to blood to alveoli 
of the nitrogen, here again, is accom- to outside air. The gas is gradually elim- 
plished through an expiratory valve of inated from tissues and replaced by oxy- 
a semi-closed inhaler. After induction of gen. Tlie nitrogen from the bowel then 
nitrous oxide or ethylene anesthesia witli passes into the tissues and the distension 
a non-rebreathing valve tlie nitrogen is is reduced. The removal of air from the 
completely eliminated from the alveoli cerebral ventricles followong cncephalog- 
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Fir. 8.4. Accumulation of excreted tissue nitrogen in a closed inhaler 
after previous pulmonary nitrogen svashout using 1005 oxygen admin* 
stored with a semi*closod inb.xlcr. Oxygen Is being added to maintain a 
constant volume in the system. 

raphy, or other air contrast studies, may 
be also accelerated in the same manner. 

A high partial pressure of oxygen in tis- 
sues is desirable for treating anaerobic 
infections. This is also obtained by re- 
placement of nitrogen by oxygen by in- 
halation of oxygen rich mixtures using 
a semi-closed inhaler, 

NITROGEN NARCOSIS 
Divers submerged at great depths who 
are exposed to air pressures of four or 
five atmospheres frequently become dis- 
oriented. It has been estabh’shed that 
this is due to the narcotic effect of the in- 
creased quantity of nitrogen xvhich dis- 
solves in the brain. The amount whidi 
dissolves in plasma is in proportion to 
the pressure. Besides, nitrogen is ap- 
proximately five times more soluble in 
lipoids than in water. Tlie brain and 
adipose tissues, therefore, take up a 
greater amount than non-lipoid contain- 
ing cells (see Chap. 6). Behnke found 


that the substitution of helium for the 
nitrogen in the inhaled gases minimized 
the narcotic effects. Helium is not only 
inert but is the least soluble of tlie ele- 
mental gases. Helium has a lower oil/ 
water partition coefficient than nitrogen. 
Less helium dissolves in, not only the 
aqueous, but also the lipoid portions of 
tlie cell at the increased pressure to 
which the diver is exposed. 

decompression 

A sudden transition from a high to a 
low environmental pressure causes a 
rapid release of dissolved gases in blood 
and tissues referred to as aeroembolistn. 
Desaluration of tissues of persons who 
have been exposed to atmospheres of 
high pressures must be slow. Usually, 
the pressure is decreased at increments 
of one-half at intervals of one hour. Un- 
less tliis is done innumerable small bub- 
bles form which act as emboli and wliich 
obstruct the capiUaries and cause m- 
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jury and death of cells. Nitrogen, which 
is the predominating gas, causes most of 
the difficulties. However, oxygen also 
causes persistent emboli. The more obese 
the subject is, the greater the total 
amount of gases which are absorbed 
and the larger the decompression re- 
sponse (see Air Emboli page 148). 

PULMONARY COLLAPSE DUE TO 
ABSORPTION OF GASES 

Should the bronchus serving a lung 
lobule be occluded so that the air and 
other gases are trapped in the alveoli and 
the blood supply remains intact and 
perfusion still continues through this un- 
ventilated pulmonary tissue, the lobule 
^\'ill ultimately collapse. This is due to 
the absorption of the gas from the al- 
veoli of this lobule. Tlie rapidity and 
completeness of collapse depends upon 
the nature of the gas. Gases wliich have 
(1) a low water solubility, (2) those which 
do not combine chemically wtli con- 
stituents of the blood or (3) those which 
are normally present in a high concen- 
tration in the blood (nitrogen) are ab- 
sorbed slowly. Coryllos and his associ- 
ates studied the absorption of oxygen, 
nitrogen, helium and various anesthetic 
gases and vapors from the lungs of dogs 
wtli occluded bronchi with an intact 
blood supply. Nitrogen disappears very 
slowly (16 hours). This presumably is due 
to the fact that the pressure gradient of 
nitrogen across the alveolar membrane is 
low since the tension of nitrogen in the 
blood is about the same as that of the 
alveoli. Helium disappears more slowly 
than nitrogen (26 hours) probably be- 
cause of its low solubility in plasma. 
Oxj’gen, carbon dioxide, ether, chloro- 
form, nitrous oxide and other inhala- 
tional anesthetic gases and vapors are 
(juicldy absorbed (in less than H hour) 


because they either combine with con- 
stituents of blood or they are normally 
not present in blood but soluble in it. 
This rapid deflation of the lung lobule 
is followed by a collapse of the alveoli. 
The importance of this phenomenon as 
the causative factor of atelectasis is ob- 
vious. It must be emphasized that atelec- 
tasis is not prevented by the inhalation 
of slowly absorbed gases (helium). It is 
merely delayed. If an obstruction to a 
bronchus is not relieved the lung will 
ultimately collapse regardless of the 
slowness of absorption of the gas. Be- 
sides, the shwly diffusing gas must be 
trapped in the alveoli before the occlu- 
sion of the bronchus occurs if it is to be 
effective in delaying the collapse. 

USE OF INERT GASES FOR 
INHALATION THERAPY 

Helium is sometimes added to inhaled 
mixtures in cases of respiratory obstruc- 
tion to decrease respiratory effort. The 
underlying rationale is that, since helium 
is light, it diffuses in and out of the 
bronchi and alveoli with greater ease 
than nitrogen (Graham’s Law). In addi- 
tion, the degree of turbulence is de- 
creased because of the lower viscosity. 
How important a role the viscosity of 
helium plays is debatable since the dif- 
ference between it and air is so slight. 

Tlien, also, helium may lighten the 
respiratory load. A mixture of 80% helium 
and 20% ox)’gen weighs approximately Ji 
as much as an equivalent volume of air. 
Thus, theoretically, H the effort must be 
made to inhale this mixture than is 
necessary to inhale air. This is of theo- 
retical advantage in reducing the res- 
piratory effort. 

Helium is also used as a quenching 
agent to reduce flammability of anes- 
thetic mixtures (see Chap. 26). 
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Tlie rapid decrease of pressure of the 
inhaled atmosphere results in the forma- 
tion of nitrogen bubbles in the tissues 
and blood referred to as aeroembolism. 
These bubbles are endogenous, that is, 
they originate from the dissolved gases. 
Air may inadvertently be introduced into 
the vascular system giving rise to the 
phenomenon called oir embolism. These 
bubbles are exogenous, that is, they are 
introduced from without by injection 
and aspiration. 

Air embolism is not uncommon. Its 
sequelae are serious and often fatal. 
Aeroembolism is more frequent after 
deep sea diving than in high altitude 
flying because the number of atmos- 
pheres of pressure differences involved 
in diving are far greater than in flying 
(from 4 or 5 in diving to 1 to V» or in 
flying). 

Air embolism may result from aspira- 
tion of air into the great veins during 
surgical procedures, particularly in op- 
erations of the upper extremities. A nega- 
tive pressure exists in the veins in these 
areas. If a vein is inadvertently opened, 
air may be aspirated into it during in- 
spiration. Tlie accidental intravenous in- 
jection of air ^vhile transfusions are be- 
ing given under pressure is a preventable 
cause of air emboli. Air may be aspi- 
rated into infusion tubing during intra- 
venous therapy at connections which are 
loose. Considerable study has been di- 
rected toward the cause and prevention 
of air emboli and the manner in which 
tliey cause death. Presumably, they cause 
death by mechanical bloclcage. 

AIR IN THE PULMONARY AND 
SYSTE^^C CIRCULATION 

It has been shown that gases injected 
into the pulmonary veins of cals in 
quantities exceeding 0.5 ml. per pound 


of body weight forms bubbles which pass 
into the left side of the heart and lodge 
in the coronary vessels and the brain. 
Death, apparently, is the result of ische- 
mia of the myocardium and brain be- 
cause the bubbles so formed persist. 
Carbon dioxide in volumes up to 2 ml. 
per pound of body weight also forms 
bubbles which pass into the coronary 
vessels, but docs not cause death because 
the gas is absorbed almost completely 
by the blood within 15 to 20 seconds. 
The animal survives the injection of this 
gas. Tlie carbon dioxide apparently 
combines with the amino groups of the 
protein in the blood, by virtue of their 
basic qualities, to form carbamino com- 
pounds. Nitrogen combines with none of 
the constituents of plasma. The bubbles 
persist for a long time. 

Air, entering the systemic veins, passes 
into the venae cavae and then to the 
right heart where it is churned into a 
foam which eventually lodges in the pul- 
monary capillary bed in the form of mul- 
tiple, small emboli. A churning sound 
may be beard over the pericardium when 
air is present in the heart (mill wheel 
murmur). Apparently little or no air 
reaches the left ventricle. The air must 
pass into the pulmonary vein for it to 
pass into the left side of the heart and the 
coronary vessels and aorta. The “Iiead- 
up” position is undesirable because it 
favors accumulation of tlie air bubbles 
in the arcli of the aorta and subsequent 
passage of bubbles into the cerebral 
vessels where they cause cerebral em- 
boli. 

PERSISTENCE OF AIR EMBOLI 

The persistence and slow disappear- 
ance of air emboli have been explained 
on a physical-chemical basis. A gas 
churned with a colloidal solution forms 
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a foam which consists of a gel-lihe plastic 
film surrounding a gaseous phase. The 
superficial \iscosit}' of this film has been 
sho^^'n to be over a thousand times 
greater than that of \\'ater. The \TSCosity 
of die film depends upon the nature of 
the colloidal solution. Since blood con- 
tains protein and is, therefore, a col- 
loidal solution, it forms such protein 
films. An air embolus, therefore, is noth- 
ing more than an air bubble surrounded 
by a thin, tenacious protein film. Lang- 
muir studied the \iscosit)' and elasticity 
of such protein films and has found them 
to be comparatively resistant, lough 
membranes. He suggested that the pro- 
tein in the films is denahired and that 
the film persists because the alteration 
in the protein causes the film to be much 
tougher than it would be ssith the natu- 
ral protein. Neither nitrogen nor o^'gen 
combine with the protein. They are not 
able to quickly penetrate the membrane. 
The embolus, therefore, persists for a 
long time in tissues. 


IKrR-\\T:NOUS OXYGEN 

The intravenous injection of o^'gen 
for the relief of anoxemia is suggested 
and attempted from time to time. Not 
only is this procedure of little value 
therapeutically, but it is also dangerous. 
O.wgen forms emboli as readily as does 
nitrogen or air. Such emboli are nearly 
as persistent as those formed from air 
or nitrogen. However, since o^’gen is 
utilized by tissues, the bubbles which 
form do not persist for as long a time in 
blood, particularly if injected slowly. 
Therefore, limited amounts of o:^'gen 
may be injected without apparent harm. 
In dogs the lethal dose of oj^’gen, when 
injected into the systemic veins, is 2 to 
3 cc. per kilogram per minute. 

Marked respiratoi^' changes and a de- 
crease in blood pressure develop in dogs 
given oxj’gen rapidly intravenously. 
0.t)'gen, at the rate of 0.35 to 2.3 cc. per 
kilogram per minute, not only does not 
correct any existing anoxemia but actual- 
ly enhances it. 


GASES AT INCREASED PRESSURE 


The clinical administration of anes- 
thetic gases at increased pressure svas 
first suggested and tried by Paul Bert in 
1878. By using pressures greater than at- 
mospheric it is theoretically possible, 
when using oxygen poor mixtiues, to ob- 
tain oxj’gen tensions in blood equi^nlenl 
to those obtained by inhaling air at ordi- 
narj’ atmospheric pressure. Nitrous oxide, 
for example, requires a high inhaled, al- 
veolar tension to be an effective anesthet- 
ic. Sub-ox)'genation frequently results. 
However, if a mixture of SLc nitrous 
oxide and 16© ox)-gen, which at ordinary 
atmospheric pressure is physiologically 
inadequate as far as the oxj’gen tension 
is concerned, is administered at 1.2 at- 


mospheres pressure, the partial pressure 
of the inhaled oxjgen, according to Dal- 
lons Law, will be 152 mm. Hg. Ox)’gen 
in air at 760 mm. Hg exerts the same 
pressure— 152 mm. Hg. Since the amount 
of a gas rvhich dissoh’es in a liquid is 
proportional to the partial pressure, the 
amount of o.TV’gen which dissolves in 
blood at this pressure is equivalent to 
that which dissolves in plasma at atmos- 
pheric pressure. Theoretically, adequate 
o:^’genation may thus be maintained 
with drugs such as nitrous oxide or etliy- 
lene which require high partial pressures 
for effective anesthesia using this tech- 
nique. Not Only does more oxj’gen dis- 
solve but more of the anesthetic drug 
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also. Ordinarily, nitrous oxide is impo* 
tent Lethal quantities cannot dissolve 
in blood if inhaled at atmospheric pres- 
sure witii 20'? oxygen. The gas must be 
given under increased pressure for lethal 
amounts to dissolve in plasma. Nitrous 
oxide administered at 3 atmospheres 
pressure, simultaneously with a physio- 
logically adequate oxygen tension, is 
lethal to mice. The clinical administra- 


tion of a nitrous oxide-oxygen mixture 
varying from 85/? NsO— 15“? O* to 88% 
N*0-12% Os at a pressure averaging 10- 
15 mm. Ilg above atmospheric was in- 
clFective in materially increasing the ar- 
terial ojq'gen tension according to Cul- 
len and his associates. Pressures higher 
than these are generally not safe in clini- 
cal anesthesia because of the possible 
danger of rupture of the lungs. 



CHAPTER 5 


Carbon Dioxide Absorption 


DISPOSAL OF CARBON DIOXIDE 
FROM INHALERS 

C ARBOS DIOXIDE must be disposed of 
complete!)' from closed inhalers for 
safe inhalational anesthesia. This is ac- 
complished b}' a “ivashout” using high 
gas flow rates in a semi-closed system or 
by chemical filtration. Both methods are 
extensively used. The chemical filtration 
technique permits complete enclosure 
and rebreathing of the gases and, there- 
fore, possesses obvious advantages over 
the semi-closed (Chap. 4). The terms 
complete rehreathing, the closed system, 
and carbon dioxide absorption technique 
are used to designate this method of in- 
halation anesthesia. The rebreathing 
technique requires a leakproof inhaler 
which is air tight with the patient’s up- 
per respiratory tract. 

HISTORY OF CARBON DIOXIDE 
ABSORPTION 

Scheele (1777) probably first used car- 
bon dioxide absorption in an experi- 
mental manner on living things. He 
placed bees and a small amount of honey 
in a glass jar inverted over lime water. 
The water rose into the jar to replace 
the oxygen consumed by the bees. The 
eliminated carbon dioxide was absorbed 
by the lime water. In 1789 Antoine La- 
voisier, while performing his experiments 
on metabolism, showed that guinea pigs 
placed in a chamber eliminated carbon 


dioxide. He absorbed the carbon dioxide 
with caustic soda. In 1847 Regnault and 
Reiset applied the same principle to 
larger animals. Dogs were kept alive in 
a closed chamber for several days. Oxy- 
gen was added and carbon dioxide was 
absorbed with lime. In 1850 John Snow 
inhaled chloroform vapors with a closed 
apparatus containing potassium hydrox- 
ide to absorb carbon dioxide. He also 
used carbon dioxide absorption for anes- 
thesia in animals. He demonstrated that 
carbon dioxide output is decreased dur- 
ing chloroform and ether anesthesia. In 
Schwann prepared an air tight re- 
breathing apparatus for mine rescue 
work, Tliis consisted of an inhaler con- 
taining alkali for absorbing carbon di- 
oxide and an external source of oxygen. 
This is probably the first apparatus of a 
completely closed t)'pe designed for re- 
breatbing to control the gaseous ex- 
change in man. Alfred Coleman (about 
1871) a dentist, designed a to and fro 
unit with which he administered nitrous 
oxide to dental patients. He used slaked 
lime as the absorbent, Benedict, in 1909, 
described the use of the closed system 
using soda lime as the absorbent for 
carbon dioxide in his important re- 
searches in metabolism in man. Dennis 
Jackson, in 1915, used the closed system 
for inhalation anesthesia with nitrous ox- 
ide in laboratory animals and also to a 
limited extent in man. In his laboraloiy 
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Fic. l.S. The to and fro unit com- 
posed of n mask (A) canister (D) and 
rebreathing bag (C). The gases pass 
over tile absorbent during inspiration 
as well as expiration. 


work a pump forced tlie exhaled gases 
through aqueous solutions of alkalis 
which absorbed the carbon dioxide. 

Brown and Foregger in 1909 and later 
Brindley and Foregger in 1923 experi- 
mented with sodium peroxide in sub- 
marines. Sodium peroxide reacts with 
water to form sodium hydroxide. The 
latter absorbs carbon dioxide. In addi- 
tion, oxygen is also liberated but not in 
proportion to the amount of carbon di- 
oxide absorbed. Ralph M. Waters, taking 
a cue from Jackson, applied the prin- 
ciple of cliemical absorption of carbon 
dioxide to clinical anesthesia. His early 
attempts were patterned after the lab- 
oratory experiments of Jackson in which 
he employed a closed circle arrangement 
consisting of an aqueous alkaline solu- 
tion through which the exlialed gases 
were forced medianically. Later, the 
mechanical device was discarded in 
favor of a circle type filler. Still later, he 
abandoned this and adopted a direct or 
to and fro system which now bears his 
name. In 1929 Brian Sword devised the 
circle filler which was in many respects 
similar to the filter used on man by 
Jackson. 

The rebreathing technique of anes- 
thesia was slow to gain popularity. 
Waters first published his reports in 
1923. For at least 10 years afterward few 
anesthetists adopted the technique. Tire 


introduction of the relatively expensive 
drug cyclopropane (1933) and tlie in- 
creased interest of physicians in tlie prac- 
tice of anesthesiology were responsible 
for tlie sudden, renewed interest in the 
carbon dioxide absorption method of 
anesthesia. 



Fic. 2.5. The cir- 
cle filter is a unit 
composed of a 
mask (A) and two 
breathing tubes 

(B) which are 
corrugated to 
prevent kinking. 
These are con- 
nected to valves 

(C) . One valve 
communicates 
with the inlet of 
the canister (O) 
and the other \vith 
the outlet. The 
flow of gases 
through the ab- 
sorbent is unidi- 
rectional and oc- 
curs during expi- 
ration. If the 
valves are re- 
versed the gases 
pass over the ab- 
sorbent during in- 
spiration. (E) is a 
rebreathing bag 
used as a reser- 
voir. 
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TYPES OF REBREATHING 
APPARATUS 

Two types of rebreathing appliances 
are in use today, the to and fro {Waters 
canister) type and the circle system. 
The To and Fro unit is composed of a 
cylindrical canister filled with a chemical 
absorbent, a face piece attached to one 
end of the canister and a rebreathing 
bag attached to the other (Fig. 1.5). In 
the Waters canister, exhaled gases pass 
from the face piece through the canister 
filled with absorbent to the breathing 
bag. During inhalation the gases reverse 
their flow and pass back into the face 
piece. In the circle type (Fig. 2.5), a 
canister is connected to a face mask by 
means of a Y piece and two corrugated 
kinkless tubes. Valves are interposed in 
the system, at the inlet and at the outlet 
of the canister, in order to establish a 
unidirectional flow and separate the in- 
spiratory gases from the expiratory. A 
breathing bag introduced at a conveni- 
ent point in the circuit, usually at tlic 
canister outlet, acts as a reservoir for the 
respired gases. 

Flow of Gasf.s in Each Type of Unit 

Tlie gases in the to and fro unit are in 
constant motion, except for a brief in- 
terval during the expiratory pause when 
they become stationary before reversing 
their flow (Fig. 3.5). During part of the 
expiratory pause gases are coming to 
rest. Each respiration of an adult breath- 
ing twenty times per minute occupies 
approximately three seconds provided 
breathing is regular and inspiration 
equals expiration. Inspiration occupies 
a somewhat longer time interval than ex- 
piration, as a rule. Tire inter-respiratoiy 
pause comes at the end of expiration. It 
may occupy up to 0.3 of a second. These 



Fic. 3.S. Shows a comparison of the time in- 
terval during which the gases remain at rest 
in the circle and to and fro units. In the to and 
fro the interval is brief and lasts only during a 
part of the pause which occurs at the end of 
expiration (a). In the circle filter the gases 
move through the absorbent during one phase 
of respiration. In the arrangement in Fig. 2.5, 
they pass over the absorbent during expiration 
and remain at rest and in contact with the ab- 
sorbent during inspiration. This time interval 
is represented by (b). 

figures, of course, may vary from pa- 
tient to patient and from moment to 
moment even in the same patient In any 
event, the period during which the gases 
are at rest is brief. In the circle filter the 
gases move into the canister during ex- 
piration. In vimv of the unidirectional 
flow they come to rest and remain at 
rest until the next expiration. During in- 
spiration filtered gases are dra^vn, not 
from the canister but, from the bag into 
the mask. At the next expiration the 
newly expired tidal volume of gases 
forces the gases from the previous ex- 
piration farther into the canister, if the 
canister is large, or out of it into the bag 
if it is small. The gases remain at rest dur- 
ing the expiratory pause and during all 
of inspiration. This is a period of at least 
1.5 seconds. Longer contact with the ab- 
sorbent occurs in the circle filter (±. 1.5 
sec.) than in the To and Fro (± 0.3 sec.). 
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ANHYDRIDES OF ACIDS 
AND BASES 

Certain gaseous non-metal oxides, as 
for example, carbon dioxide, sulphur di- 
oxide and hydrogen sulphide form acids 
in tl>e presence of water. These oxides 
are anhydrides of acids. They, therefore, 
react with the oxides, peroxides and hy- 
droxides of many metals and with cer- 
tain organic amines. Metal oxides arc 
anhydrides of bases. They, therefore, 
combine with water to form hydroxides 
or bases. Hydroxides actively combine 
with acidic gases. The ease with which 
carbon dioxide and other acidic gases 
are absorbed depends upon the activity 

TABLE 1.5 
Cs 

nb 

K 

Na 

Li 

Ba 

Sr 

Ca 

Mg 

Activity series of alkaline and alkaline earth metals. 

of the metal forming the oxides or hy- 
droxides. This is determined by its posi- 
tion in the electromotive series (Table 
1.5). 

ALKALI METALS 

The most active hydroxides are those 
of the alkali metals since tliese occupy 
the uppermost position in the electromo- 
tive or activity series. In order of declin- 
ing activity of tlie alkali metals are 
caesium, rubidium, potassium, sodium 
and lithium. Sodium hydroxide is the 
most extensively used hydroxide of the 
alkaline metals because it is highly ac- 
tive, abundant and relatively inexpen- 
sive. Potassium hydroxide, though more 


active, is used to a lesser extent because 
it is less abundant and more expensive. 
Lithium hydroxide has been advocated 
for absorption of acidic gases but it has 
not proved feasible for anesthesia. The 
other metals are less abundant and, there- 
fore, are not used. 

ALKALINE EARTH METALS 
Next in activity to the alkaline metals 
arc the alkaline earth metals. The order 
of activity is barium, strontium, cal- 
cium and magnesium (Table 1.5). Of 
these, barium and calcium hydro.xides 
are die most serviceable. Strontium is 
more active than calcium but less 
abundant. Magnesium hydroxide is not 
suflicienlly active to effectively absorb 
acidic gases. Tlie hydroxides of zinc, 
iron and copper and otlier metals are 
not sufficiently active to completely ab- 
sorb carbon dioxide quantitatively in 
anesthetic appliances. 

NEUTRALIZATION 
Tlie reaction of absorption of carbon 
dioxide (or other acidic gases) by a hy- 
droxide is a neutralization. Carbon di- 
oxide first combines with water to form 
carbonic acid. 

CO* + H,0 -> HjCO, 

Tlie acid is neutralized by the base only 
if both are ionized. 'Neutralization is the 
union of hydrogen ions with hydroxyl 
ions to form undissociated molecules of 
water. The carbonic acid, in the presence 
of water, dissociates into hydrogen and 
carbonate ions. 

JLCO, -> 2H+ -f W 
The base yields hydroxyl ions. Once hy- 
drogen and hydro.xyl ions unite to form 
water the union is firm and tlic reaction 
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is irreversible. No significant dissociation 
occurs because only one water molecule 
in 10,000,000 dissociates into hydrogen 
and hydroxyl ions at room temperature 
(25'’C.). The reaction of neutrahzation is 
exothermic; therefore, heat is evolved. 
This heat, referred to as the heat of neu- 
tralization, is a constant quantity and 
amounts to 13,700 calories for each 
mole (18 grams) of ^vater formed. The 
caloric output during neutralization may 
vary several hundred calories per mole 
one way or the other depending upon the 
degree of ionization of the acids and 
bases which interact. The metallic ion 
(cation) forms a salt with the acidic 
(anion). In the case of carbonic acid the 
salts formed are called carbonates. 

EFFECT OF IONIZATION OF 
ACIDS AND BASES ON 
NEUTRALIZATION 
The dissociation of a substance into 
ions is only partial. Some of ft remains 
undissociated. A substance which disso- 
ciates almost completely into its respec- 
tive ions is referred to as being highhj 
ionized. Highly ionized acids and bases 
are called strong acids and bases. The 
hydroxides of the alkali and alkaline 
earth metals are strong bases because 
they are highly ionized in aqueous solu- 
tions. Carbonic acid, however, is a weak 
acid because it feebly dissociates into 
hydogen and carbonate ions (0.0017 at 
18®C.). The quantity of a weak acid re- 
quired to neutralize a mole of strong 
base, or vice %-ersa, a strong acid and a 
weak base, is the same as if both were 
strong and highly ionized. Inasmuch as 
only a small portion of the total of a 
strong acid or a base is unionized, neu- 
tralization occurs promptly and with 
ease. A strong base added to a weak 
acid is not neutralized as readily, ei’cn 
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though the reaction goes on to comple- 
tion, due to the effects of partial ioniza- 
tion of the acid. Only the hydrogen ions 
interact with the hydroxyl ions. As quick- 
ly as the hydrogen ions are converted to 
water, the unionized portions of the 
acid are ionized to re-establish and main- 
tain the equilibrium which exists be- 
tween the undissociated and the ionized 
substances. As rapidly as these hydrogen 
ions form they in turn combine wth 
hydroxyl ions to form water. Ultimately 
all of the unionized acid is ionized and 
neutralized by the alkali. Some of the 
liberated heat is used for the ionization 
of the weak acid. The heat of neutraliza- 
tion is less when dealing with weak acids 
or bases than when the neutralization is 
between a strong acid and a strong base. 
The heat of neutralization of a weak 
acid, such as carbonic acid, by sodium 
hydroxide is approximately 13,400 cal- 
ories per mole of water formed. 

SOLUBILITY OF AUKALIS 

The hydroxides of sodium and potas- 
sium are both very soluble in water. In 
fact, tliey have such an affinity for water 
that they form thick gelatinous solutions 
when they are exposed to moist air. In 
other xvords, they are hygroscopic. So- 
dium hydroxide dissolves in its own 
weight of water. A saturated solution of 
sodium hydroxide at 25°C. has a strength 
of approximately 20 molar. 

The alkaline earth hydroxides are less 
soluble than those of tlie alkali metals. 
One gram of barium hydro.xide dissoh'e.s 
in 11.6 ml. of water at 25®C. One gram 
of calcium hydroxide dissolves in 630 
ml. of water at 25°C. Thus, barium hy- 
droxide is more effective as a neulraliz- 
ing agent because it is both more soluble 
and more active. Ionization of barium 
hydro.xide is almost as great as that of 
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sodium hydroxide (0.63!? vs. 0.69!? at 
18®C. for a 1.0 N solution). Aqueous sus- 
pensions of barium, calcium and magne- 
sium hydroxides are referred to as “milk 
of barium,” “milk of lime,” and “milk of 
magnesia” respectively. If a suspension 
of each of the four alkaline earth hy- 
droxides is permitted to settle and the 
supernatant liquid overlying the pre- 
cipitate is drawn off, a saturated solu- 
tion of the respective bases is obtained. 
Even though these hydroxides arc poor- 
ly soluble, they are strongly basic be- 
cause they are highly ionized. Barium 
hydroxide is approximately 0.922 ionized 
in dilute solution. Tliey are feebly 
caustic compared to sodium and potas- 
sium hydroxide because of the dilule- 
ness of the solutions formed. These solu- 
tions may be used to detect the presence 
of carbon dioxide in air or mixtures of 
other gases. Tliis they do by forming 
carbonates, which are white powders. 
All four carbonates are almost totally in- 
soluble and, thus, even the slightest 
trace of carbon dioxide yields a millqr 
cloud in the clear solution of the hy- 
droxide, Tlie carbonates of the alkali 
metals are soluble and cannot be used 
for this purpose. 

BICABBONATE FORMATION 

The end products of the neutraliza- 
tion of carbon dioxide by an alkali are, 
then, water and the carbonate of the re- 
spective metallic hydroxide involved. An 
excess of carbonic acid may react further 
with a carbonate to form a bicarbonate. 
Sodium bicarbonate and carbonic acid 
react to form sodium bicarbonate as fol- 
lows: 

NajCOj + H 2 CO 3 ^ 2 NaHCO, 
Calcium and barium also form bicar- 
bonates in the presence of excess car- 


bonic acid. During clinical anestliesia 
bicarbonates may form in parts of the 
canister where complete conversion of 
the alkali to carbonates has occurred. 
However, tlie efficiency of the entire 
charge of absorbent decreases before all 
of the alkali is exliausted and bicarbonate 
formation begins. More than the toler- 
able amount of carbon dioxide filters 
through before appreciable bicarbonate 
formation occurs. 

SOLUBILITY OF CARBONATES 
Potassium, sodium and lithium car- 
bonates are water soluble salts. Sodium 
carbonate is the most important of the 
alkali carbonates from the standpoint of 
anesthesiology. It forms two hydrates, a 
decahydrate (NajCOj • lOHjO) and also a 
monohydrate (NajCOj'HsO). Barium 
carbonate is less soluble than calcium 
carbonate and calcium carbonate less 
tlian that of magnesium. Pure crystalline 
calcium carbonate occurs in a number of 
forms, one of which is marble. Although 
not caustic, soluble carbonates of alkali 
metals form alkaline solutions when dis- 
solved in water due to hydrolysis, since 
they are salts of weak acids and strong 
bases. Such salts are highly ionized in 
aqueous solutions. The ions of water in 
a solution of a soluble carbonate interact 
with the ions of the salt and tend to form 
carbonic acid, which is a weak acid and 
sodium hydroxide which is a strong base. 

DECOMPOSITION OF CARBONATES 
Carbonates of alkaline metals are rela- 
tively stable and decompose only when 
heated to unusally high temperatures. 
Carbonates of the alkaline earth metals, 
if heated strongly, dissociate into the 
o.xide of the metal and carbon dioxide. 

CaCO, CaO -f- CO 2 1 
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Calcium carbonate is abundantly dis- 
tributed in the earth in the form of lime- 
stone. Limestone is the source of most 
calcium products. Limestone heated at 
825°C. decomposes to calcium oxide and 
carbon dioxide. The oxides of alkali and 
alkaline earth metals readily combine 
wth water to form hydroxides. 

CaO + H,0 CaCOH)i 
Heat is evolved in the reaction. Calcium 
oxide, commonly kno\\'n as quicklime, is 
converted by water or by the moisture 
of the air to calcium hydroxide (slaked 
lime). Alkaline metal oxides and alkaline 
earth metal oxides, in the presence of 
traces of moisture, react with carbon di- 
oxide to form carbonates. This reaction 
is accompanied by the evolution of con- 
siderable heat— more than would be 
evolved if the hydroxide were the ab- 
sorbent. The total heat evolved, theo- 
retically speaking, is equal to the sum 
of that required to form the hydroxide 
from the oxide by the addition of water, 
the heat of solution of the hydroxide, 
and the heat of neutralization of the re- 
sulting hydroxide by carbonic acid. 

METALLIC PEROXIDES 
The oxides of many metals are con- 
verted to peroxides when heated in air 
or oxygen. Barium oxide, for example, 
heated at red heat in air is converted to 
barium peroxide (BaO*). 

2 BaO + Oi -» 2 BaOi 
These metallic peroxides react with 
water to form hydroxides and liberate 
o.xygen. Tliey also react wlh carbonic 
acid, in which case they yield oxygen, 
w’ater and carbonates. The alkaline metal 
peroxides are active enough to absorb 
carbon dioxide. Sodium peroxide W'as 
used experimentally by Brindley and 
Foregger in closed inhalers to absorb 


exhaled carbon dioxide. It also acts as a 
source of oxygen. The reaction is as fol- 
lows: 

2 NaiOs -f 2 HjO -♦ 4 NaOH -f Oj t 
HEAT OF SOLUTION OF BASES 
Most chemical substances either ab- 
sorb or liberate heat when they dissolve 
in water. When the hydroxides dissolve 
in xvater the reaction is exothermic. This 
heat is kmowm as the beat of solution. Hy- 
droxides, particularly those of alkaline 
metals liberate considerable heat xvhen 
they dissolve in water. The high heat of 
solution, the markedly hygroscopic prop- 
erties and the caustic nature of the hy- 
droxides of the alkaline metals limit their 
usefulness for carbon dioxide absorption 
in rebreathing appliances, 

AVAILABLE ABSORBENTS FOR 
CARBON DIOXIDE 
The first absorbents used for carbon 
dioxide absorption were aqueous solu- 
tions of sodium hydroxide, slaked lime or 
mixtures of calcium and sodium hydrox- 
ide. Aqueous solutions of alkalis are im- 
practical, difficult to manage and danger- 
ous for clinical use because of their 
caustic nature. Sticks, flakes and crystals 
of the hydroxides of potassium, sodium 
and lithium have been used as absorb- 
ents. They absorb moisture from the pa- 
tient’s lungs and, thus, form caustic solu- 
tions which are hazardous. Also, they 
become coated with carbonates and 
cease to absorb effectively after a short 
period of use. 

An absorbent known as shell tjatron 
has been used in oxygen tents and for 
clinical research. This consists of sodium 
hydroxide molded into the form of “sea 
shells.” Laboratory absorption of carbon 
dioxide is often carried out with asbestos 
impregnated w’ith sodium hydro.xide 
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(Ascaritc). Mixtures of barium and cal- 
cium hydroxide arc effective absorbents 
and are used for ancstliesia. These are 
described in detail later in this chap- 
ter. Tlie hydroxides of the metals below 
the alkaline cartli metals in tlie electro- 
motive scries are insoluble or feebly 
basic and of no value. Zinc and aluminum 
react with sodium hydroxide to form 
zincates and aluminates. These are alka- 
line substances capable of absorbing car- 
bon dioxide. However, they are not as 
efficient and as easily handled as the 
hydroxides of the alkali and alkaline 
earth metals. Ammonia will absorb car- 
bon dioxide but is too feeble and volatile 
a base to be effective. Organic amines 
have been investigated as possibilities as 
absorbents. The results, thus far, have 
been disappointing. Adsorption with 
anion exchange resins derived from 
polymerization of phenols and other or- 
ganic compounds has been investigated 
as a possibility for absorbing carbon di- 
oxide but also lias been found to be 
impractical. Removal is not quantitative 
and, therefore, incomplete. Besides, re- 
sistance due to smallness of the particles 
is too great. Adsorption of carbon dioxide 
by agents such as silica and activated 
charcoal, likewise, has not proved feasi- 
ble from a clinical standpoint. 

de\^lopment of soda lime 

Early in the search for a satisfactory 
absorbent, calcium hydroxide was used 
alone as an absorbent, since it was 
abundant, inexpensive and easily han- 
dled. Black, Lavoisier, Snow and others 
used ordinary slaked lime in their ex- 
periments. It was soon apparent, how- 
ever, that absorption using slaked lime 
was not efficient. The observation was 
soon made that absorption was more 
effective when sodium hydroxide was 


added to lime. Mixtures of sodium and 
calcium liydroxide were then developed 
which were referred to as soda lime. 
Soda lime is a mixture of several chemi- 
cals and not a specific compound. 

Early in the use of soda lime these 
mixtures consisted of equal portions of 
sodium hydroxide and lime. However, 
these mixtures arc not satisfactory for 
clinical use. The hygroscopic nature and 
the high heat of solution of sodium hy- 
droxide causes excessive heating and 
“caking.” During World War I the need 
arose for an effective alkaline absorbent 
for use in gas masks when poison gases 
were introduced as a tactical weapon. 
Wilson and other U. S. Army engineers 
of the chemical warfare service devel- 
oped a grade of soda lime which was a 
satisfactory absorbent for acidic gases 
for gas masks. Several years after the 
war (1923) Waters introduced carbon di- 
oxide absorption into anesthesia using 
the soda lime developed by Wilson and 
his associates. 

SODA LIME FOR ANESTHESIA 

Special preparations and precautions 
are necessary to prepare a soda lime mix- 
ture satisfactor)' for clinical use. Ingredi- 
ents must be of a good grade and of 
reasonable purity. The calcium hydrox- 
ide must be prepared from a high grade 
of calcium oxide. It must be free from 
contamination by the oxides of magne- 
sium, aluminum and other metals since 
the latter decrease the efficiency of the 
final product. Wilson found that the 
sodium hydroxide content of soda lime 
could be reduced to as low as 5% before 
any significant decrease in absorptive 
capacity occurred. Specimens containing 
more than 5% sodium hydroxide, al- 
though more efficient, caused excessive 
heating and "caking.” Tlie calcium hy- 
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dioxide is the mainstay of the absorp- 
tion and performs the bulk of tlie work. 
In England absorbents of higher sodium 
hydroxide contents are used. 

The soda lime mixture, although easy 
to mold into any desired shape or form, 
crumbles and pulverizes into objection- 
able dusts. Wilson added silica to the 
mixture to obviate dust formation and 
preserve the shape of the granule and 
impart hardness. Silica (SiO* silicon di- 
oxide) is the anhydride of silicic acid. 
Calcium hydroxide and sodium hydrox- 
ide react with it to form calcium silicate 
(CaSiOa) and sodium silicate (Na?SiOs). 
These silicates are the salts of silicic 
acid. Silicates of calcium are hard, glass- 
like substances. Sodium silicate is water 
soluble and forms a gelatinous hydrate. 
The greater the quantity of silica added, 
the greater degree of hardness of the 
granules. Unfortunately, the absorptive 
power decreases tlie liardness. As 
a rule the absoiption efficiency of soda 
lime varies inversely as its hardness. Pres- 
ent day soda h'mes used for anesthesia 
have little or no added silicates in order 
to avoid this decrease in efficiency. 

The ingredients are thoroughly mixed 
and the mass is fused into sheets which 
are allowed to harden. These are then 
fragmented into miscellaneous sizes. 
Later they are graded with a standard 
screen into sizes which vary anywhere 
from 4 to 20 mesh. The mesh of a screen 
is determined by the number of open- 
ings per inch of screen. Thus, a four 
mesh screen has four quarter inch square 
openings per inch; an eight mesh eight 
eighth inch openings, a sixteen mesh 
sixteen and so on. 

Size of Gbanules 

The size of the granules is an im- 
portant factor because the efficiency of 


absorption depends upon the size of the 
surface presented to the reacting gases. 
Tlie smaller the granule, the more effi- 
cient the absorption because a greater 
surface is presented to the ambient gases 
per unit of xveight of absorbent. Soda 
lime used for anesthesia is a blend of 
granules varying from sizes of 4 to 8 
mesh. The larger 4 mesh comprises 6-82 
of the total. The bulk of the mixture con- 
sists of 6 mesh lime. The size of the gran- 
ules also determines the amount of turbu- 
lence which develops and the volume of 
gases which fits in between the granules. 
This gas space in between the granules 
is important and will be discussed later 
in the chapter. Fine mesh soda lime 20 to 
40 mesh is employed in basal metabolism 
machines equipped with blowers to 
force the gas through the system. 

MoisTxmE Content 
Wilson and his associates noted that 
soda lime was ineffective in gas masks 
unless moisture was incorporated in the 
granule. A certain amount of moisture 
was necessary to promote absorption. 
Two types of soda lime were thus de- 
veloped, the “wet” or high moisture and 
the “diy’” or low moisture. High moisture 
soda lime contains a variable quantity of 
water. Neither sodium hydroxide nor cal- 
cium hydroxide forms hydrates. The 
moisture in soda lime, therefore, is not 
present in definite proportions. The 
w'aler is probably present as a thin film 
on the surfaces of the particles. Anhy- 
drous soda lime exposed to a humid at- 
mosphere absorbs some water. However, 
since the sodium hydroxide content is 
approximately 52, the absorption of mois- 
ture is not remarkable. Moisture must be 
deliberately added to assure a high 
WTiter content. Calcium hydroxide is not 
hygroscopic. Moist soda lime, on the 
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a dry atmosphere. Tims, the moisture 
other hand, loses moisture if exposed to 
content of soda lime is quite variable 
and depends, to a large extent, upon tiro 
water content of the atmosphere to 
which it is exposed. The moisture in soda 
lime granules is not visible when the con- 
tent is less than 20%. If greater than 20S 
the granules appear and feel wet. Wliile 
there may be no appreciable difference 
from a clinical standpoint in the neu- 
tralizing ability of soda lime containing 
\0%, 152 and 202 water, there are de- 
tectable differences in laboratory studies. 
Neutralization becomes progressively 
more effective as the moisture content 
increases. The greater the sodium hy- 
droxide content, the greater its tendency 
to absorb water from the atmosphere. 
Absorption of weahly acidic substances 
does not proceed satisfactorily when low 
moisture soda limes are used in closed 
inhalation appliances, even though ex- 
haled moisture is present and the gases 
are humidified. The moisture is neces- 
sary to form carbonic acid from carbon 
dioxide and for ionization of the acid. 
The moisture must be incorporated in 
the absorbent. In addition, it is neces- 
sary to facilitate the interaction of so- 
dium carbonate with tlie less active but 
more abundant calcium hydroxide in tlie 
granules to reform sodium hydroxide. 
This aspect of absorption will be dis- 
cussed further on. Consequently, water 
must be added to soda lime to promote 
effective absorption. 

SOURCES OF WATER IN 
THE INHALER 

Water accumulates in the inhaler and 
condenses in the bag and in the tubes. 
The greater portion of this condensed 
water is derived from the reaction of neu- 
tralization. Some is obtained from the pa- 


tient’s lungs but the quantity is relatively 
little, however. In spite of the fact that 
moisture is present in the exhaled gases, 
that water vapor is liberated from the re- 
action and that the system is entirely 
closed, absorption is not effective when 
low moisture soda lime is used. The 
water must be incorporated into and be 
a ph^'sical part of the soda lime granule. 
Moisture does not facilitate absorption 
in the vapor state. Dry gases are freed 
of carbon dioxide provided the moisture 
content of soda lime is higli. 

EXHAUSTED ABSORBENT 
Granules of exhausted soda lime are 
Iiarder than those of the fresh absorbent 
because they consist almost wholly of 
calcium carbonate. This is a relatively 
harder substance than calcium hydroxide. 
The particles become cemented firmly to- 
gether. An exhausted granule of soda lime 
pulverizes with greater difficulty than a 
fresh one as a result of the change in 
chemical composition. Exhausted gran- 
ules are less caustic than unused granules 
because the alkali is almost entirely neu- 
tralized. Some remains in the heart of the 
granules. A granule of soda lime gains 
weight as it absorbs carbon dioxide since 
in the conversion ot the kydeoxides to 
carbonate one molecule of water, which 
has a molecular weight of 18, is ex- 
changed for one molecule of carbon di- 
oxide whose weight is 44. The charge of 
absorbent expands somewhat and be- 
comes tightly packed in a canister after 
complete exhaustion has occurred. 

U.S.P. SPECIFICATIONS FOR 
SODA LIME 

Composition 

Soda lime is included in the United 
States Pharmacopeia. The Latin name 
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is calx sodica. The U.S.P. requirements 
for soda lime are broad. The specifica- 
tions are as follows: The substance 
should be white and composed of sodium 
hydroxide, calcium hydroxide, and po- 
tassium hydroxide. The U.S.P. recog- 
nizes soda lime as a mixture of variable 
composition and specifies no fixed per- 
centage of alkali. The moisture content 
of soda lime is variable but should not 
be less than 14% nor exceed 19% of the 
weight of the specimen. 

Estimation op MoiSTxmE Content 
The moisture content is determined 
by desiccation. The U.S.P. recommends 
that 935 to 10 grams of the specimen be 
weighed and dried at 105°C for bvo 
hours. The specimen should not lose 
more than 19^ of its weight. Soda lime 
absorbs moisture. This may be deter- 
mined according to the U.S.P. technique 
by placing 9M to 10 grams of soda lime 
in a 50 ml. weighing bottle having a di- 
ameter of 50 mm. and a height of 30 mm. 
The bottle and contents are weighed 
and then placed in a desiccator over 
sulphuric acid having a specific gravity 
of 1.6. The bottle remains in the desic- 
cator for 24 hours and is then reweighed. 
The increase in weight should not be 
more than 7.5%. 

Determination of Hardness 
The hardness is determined by agitat- 
ing the absorbent with steel ball bear- 
ings in a hardness pan. A 50 grams por- 
tion of the granules which have been 
sifted first through a No. 2 standard mesh 
sieve and then a No. 40 standard mesh 
sieve are placed in a hardness pan. Tiiis 
is a steel pan which has a diameter of 
200 mm. and a concave brass bottom 
with thickness of 7.9 mm. at the circum- 
ference and 3.2 mm. at the center. 


The inside spherical radius of curvature 
is 109 cms. Fifteen steel balls of 7.9 mm. 
diameter are placed wth the specimen 
and shaken on a mechanical sieve pan 
shaker for 30 minutes. The steel balls 
are removed and the contents of the pan 
are brushed on to a sieve of a 40 mesh 
size and shaken for three minutes on a 
mechanical sieve shaker and weighed. 
The weight of soda lime retained on the 
screen should not be less than 75% of the 
weight at the start of the test. This re- 
maining weight in grams is expressed as 
a number referred to as the hardness 
number. The hardness number should 
be 75 or more. 

Determination or ABSORPTnT: 
Capacity 

The technique for determining car- 
bon dioxide absorptive capacity out- 
lined by the U.S.P. is as follows; approx- 
imately 935 to 1035 grams of soda lime are 
placed in a U tube, one end of which is 
packed with approximately 5 grams of 
anhydrous calcium chloride. Each end 
is stoppered with perforated cork. The 
tube and its contents are weighed. A 
stream of pure carbon dioxide is first 
passed through the calcium chloride, 
then through the absorbent at the rate 
of 75 ml. per minute for 20 minutes. The 
tube is again weighed at room tempera- 
ture. Tlie increase in weight should not 
be less than 19% of the weight of the soda 
lime used for the test. This test is an in- 
dex of the alkali content in the speci- 
men. It is not necessarily an index of its 
efficacy during clinical use. 

Preservation 

Soda lime should be packed in air- 
tight containers to prevent changes in 
moisture content and absorption of car- 
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bon dioxide from the air. Containers 
once opened should be tightly covered 
after desired quantities have been with- 
drawn. 

BARALYME 

Mixtures of barium and calcium hy- 
droxide are also used to absorb carbon 
dioxide. A preparation (Baralyme) was 
introduced in 1939 by the Thomas Edi- 
son Company of New Jersey. The prep- 
aration offered for anesthesia consists of 
a mixture of 20% barium hydroxide and 
8(W calcium hydroxide. The absorption 
efficiency of this parallels that of soda 
lime. Tlie preparation is available in com- 
pressed cylindrical tablets Yjo" in diam- 
eter and Vs" thick or in a granular form 
like soda lime. The granular form is a 
more efficient absorbent than the tablet 
form. The mass is of sufficient hardness to 
withstand handling and mechanical 
abuse in metallic canisters. Silica is not 
added to harden the particles. The bar- 
ium hydroxide plays the role of activator 
in the same manner that sodium hydrox- 
ide does in soda lime. Barium carbonate, 
calcium carbonate and water are the 
products of the reaction. The heat 
evolved is quantitatively the same as that 
resulting from the neutralization of car- 
bonic acid and soda lime. Both barium 
and calcium carbonates are insoluble and, 
therefore, do not interact. In soda lime, 
the sodium carbonate which forms is sol- 
uble and interacts with unneutralized cal- 
cium hydroxide. Consequently no regen- 
eration of activity occurs in Baralyme as 
occurs in the case of soda lime when sod- 
ium carbonate interacts with the unneu- 
tralized calcium hydroxide. Most of the 
moisture in Baralyme is chemically 
united with the barium hydroxide in the 
form of the octahydrate (Ba(OH)a • SHjO). 
This situation differs from that of soda 


lime in which the water is present as a 
film over the surface and in the pores of 
the granule. The water content of soda 
lime varies when exposed to dry or hu- 
mid atmospheres because it is not chem- 
ically bound. That of Baralyme does not 
vary. If Baralyme is heated, however, it 
does lose its water hydration. Baralyme 
exposed to a dry atmosphere at 150°C. 
loses its moisture readily, and as is the 
case with soda lime, the desiccated ma- 
terial is ineffective in absorbing carbon 
dioxide. Wetting the dried mixture with 
water produces a "doughy" mass. 

Studies by Kilboume, Adriani and 
Batten and others at the time the mix- 
ture was first proposed indicated that 
Baralyme was equally as effective if not 
superior to soda lime as a carbon di- 
o.xide absorbent. The absorbents being 
compared xvere lliose available in 1938. 
There lias been considerable improve- 
ment in soda lime since that time. Recent 
studies by the writer, Elam and others 
indicate that tlie improved soda lime 
presently available (Wilson's Sodasorb, 
Malinkrodt's) is more effective than 
Baral>'me under identical conditions of 
exposure to carbon dioxide. The writer 
effectively absorbed carbon dio,xide us- 
ing a 350 gram charge in an experimen- 
tal canister for three hours. A charge of 
soda lime under similar circumstances 
absorbed effectively for four and a half 
hours. It is not surprising that the Bara- 
lyme is less effective than soda hme since 
barium is less active chemically than 
sodium. Barium occupies a lower posi- 
tion in the electromoti\'e series than so- 
dium. Besides, its Iiydroxide is less solu- 
ble tlian that of sodium. The base, how- 
ever, is highly ionized and is, therefore, 
active. Recently potassium hydroxide 
has been added to the mixture to im- 
prove its efficiency. 


/ 
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Toxicity of tiie Babium Ion 
The barium ion is toxic. 'Hierefore, 
soluble barium compounds and those 
which are insoluble but interact with 
acids and other substances to release the 
barium ion may be poisonous if taken 
internally. Barium sulphate may be 
taken internally because it is insoluble 
even in the presence of the hydrochloric 
acid of the stomach. Barium carbonate, 
on the other hand, would form barium 
chloride in the stomach. This is soluble 
and poisonous. It is unlikely, though, 
that the quantity of dust rising from 
Baralyme to which a patient is exposed 
during clinical anesthesia is sufficient to 
cause any deleterious effects. The mix- 
ture has been in use nearly a quarter of 
a century and no instance of poisoning 
has been recorded. The toxic nature of 
barium compounds should be borne in 
mind when disposing of the exhausted 
absorbent. 

EFFICIENCY OF CARBON 
DIOXIDE FILTERS 

Little was known about the inner 
workings of the canister in the early days 
of carbon dioxide absorption. A con- 
trolled study under clinical conditions is 
impossible because many variable fac- 
tors are involved. Significant data has 
been obtained in the laboratory using 
mechanical spirometers which simulate 
breathing as it is encountered during 
clinical anesthesia. In this way, the vari- 
ables encountered clinically are elimi- 
nated. 

Waters, by repealed clinical trials, 
noted that absorption was optimal in die 
to and fro system when he used an 8 X 
13 cms. cylindrical canister. Tlie effi- 
ciency fell off when he used larger or 
smaller canisters. Tlie reason became ap- 
parent from the laborator)’ studies of 
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Adriani and Rovenstine who noted that 
absorption was optimal when the canis- 
ter air space and the tidal volume were 
equal. The bulkiness of soda lime is de- 
ceptive. Even though the absorbent ap- 
pears to fill the entire canister, the vol- 
ume of air between the granules and 
within the pores of the granules is sur- 
prisingly large. The air space in an 8 X 
13 cms. canister packed with 6-8 mesh 
soda lime varied between 375-425 ml. 
This air space corresponds closely to that 
of the tidal volume of an anesthetized 
patient breathing unassisted. The rela- 
tionship of tidal volume to air space ap- 
pli es also to the circle filter. Efficiency 
decreases if tidal volume exceeds air 
space. However, absorption continues to 
be efficient if the air space exceeds the 
tidal volume. More will be said of this 
later on. 

The To and Fro Filter 
The statement that efficiency is opti- 
mal when air space equals tidal volume 
requires clarification. It is true only for 
a variable period of time, after which ef- 
ficiency gradually decreases as the al- 
kali is neutralized. The question, then, 
is how long does this efficient absorption 
last Studies of the air currents in the 
canister give some insight to the pattern 
of absorption. Adrian! and Rovenstine 
^'isual/zed the flow of gases by coating 
granules of soda lime with lead acetate 
and adding hydrogen sulphide to the 
gases in the meclianical ventilator. Hy- 
drogen sulphide is an acidic gas. It, 
therefore, would be absorbed by soda 
lime in the same manner as carbon di- 
oxide. It also forms lead sulphide wliich 
is black. Tlie granules darken as the 
black lead sulphide forms on the surface. 
Parallel confirmatoiy studies were also 
done in which samples of absorbent 
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taken from various areas of the canister 
were analy2ed for their carbon dioxide 
content. Carbon dioxide content is high- 
est in the areas of maximum discolora- 
tion. In tlie to and fro unit the granules 
at tlie inlet of the canister darken first. 
Later those at the outlet darken. Tlie 
granules at tire intermediate section re- 
main unchanged or are grey-tinted. As 
absorption proceeds, tlie granules along 
the sides darken. The granules along the 
sides darken more than those in the core. 
The ambient gases follow the path of 
least resistance. They sweep along the 
sides of the canister into the bag. Ap- 
parently the granules in the core offer 
more resistance than those along the 
sides. The granules facing the screens at 
the mask and bag end darken com- 


pletely and soonest. Apparently some 
carbon dioxide passes rvilh the effluent 
gases along the sides into the breathing 
bag, as the gases reverse their direction 
during inspiration. The surfaces facing 
the bag are exposed to the inspired gas. 
These granules remove any unabsorbed 
carbon dioxide which has passed into the 
bag. The carbon dioxide concentration 
in the breathing bag is no index of the 
amount passing back into the mask. As 
absorption proceeds and the charge is 
exhausted tlie entire surface of the gran- 
ules at the inlet and in the outlet dark- 
ens. Tlie granules in the center are only 
partly discolored. At terminal exhaustion 
a rhomboid shaped area composed of 
partially discolored granules remains at 
the core of the distal third of the canister 



Fic. 4.5. Illustrates the paths the gases follow in the to and fro unit as studied 
by the darkening of lead acetate by hydrogen sulphide. Solid black granules 
indicate completel)’ exhausted granules. I shows distribution when charge is 
first placed in servieej II, after prolonged use.— The flow of gases is greater 
along the periphery. Ill, after complete exhaustion of the entire charge.-A 
small “blind spot" remains in tlie distal (bag end) portion of canister which 
contains incompletely exhausted absorbent IV, relahve content of carbon di- 
oxide per gram of original alkali in different sections along the center and sides 
of the canister. (From Adriani and Rovenstine, Anesthesiologtj 2-1-1941.) 
(Courtesy of Anesthesiology.) 
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Fig. 5.5. Air currents in circle type absorber. Drawn in same way as Fig. 4.5. 
The pattern ultimately is similar to that in the to and fro filter. (From AdrianI 
and Rovenstine, Anesthesiologtf, 2-1-1941.) (Courtesy of Anesthesiology.) 


(Fig. 4.5). The granules on the periphery 
of this area are discolored on the surface 
facing the sides and white on the surface 
facing the core (Fig. 5.5). 

The absorbent analyzed from this 
“blind spot” contain less carbon dioxide 
per gram of original alkali than that re- 
moved from the sides or front. In the 
order of highest concentrations of car- 
bon dioxide are (1) the granules along 
the sides, (2) the granules at the mask 
end, (3) those at the core, (4) those at the 
inlet, (5) those at the side of the canister 
at the bag end and (6) those at tlie core 
at the bag end (Fig. 4.5). 

Efficie.vcy of the To and Fro Filter 
An 8 X 11 cm. cylindrical canister, 
often referred to as a standard Waters 
canister, filled with 4-8 mesh soda lime 
(Sodasorb) tested on a mechanical venti- 
lator using a tidal exchange of 500 ml. 20 
times per minute with a flow of 200 ml. 
carbon dio.xide per minute absorbs for 
5-6 hours before terminal exhaustion oc- 


curs. A progressive increase in the return 
of carbon dioxide up to a 0.5iS average 
return occurs within 5is hours. During 
the first VA hours the gases reluming to 
the mask contain less than .052 carbon 
dioxide. The concentration gradually in- 
creases until the point of terminal ex- 
haustion. The concentration in the efflu- 
ent gases at the mask end depends upon 
the moment of sampling. It is maximal, 
as one would expect, at the beginning 
of inspiration because the gases contain- 
ing unabsorbed carbon dioxide in the 
dead space are the first to be drawn into 
the mask. It is least at the end of inspira- 
tion. The overall mean concentration 
during inspiration increases with canis- 
ter use. This, as will be explained later, 
is due to a progressive extension of the 
dead space inward as the canister is 
used. 

Tlie same period of absoiption is ob- 
tained as the size of the canister is de- 
creased, provided the tidal exchange and 
carbon dioxide input is decreased in 
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proportion to the air space. Tlie period 
of effective absorption is shortened as 
the carbon dioxide input is increased. 

The Circle Filter 

Tlie circle filter was studied utilizing 
the same techniques. Tlie pattern of ab- 
sorption in the circle filter differs some- 
what from that of the to and fro. The 
gases pass into the circle filler, as has 
been mentioned previously, in a differ- 
ent manner and apparently with less 
force than in the to and fro filter. Much 
of the force of the exhaled gas is ex- 
pended as friction in the tubes and 
through the valves in the circle system. 
In the to and fro filter, the force of the 
respired gases is expended directly 
against the granules of absorbent. Col- 
ored granules placed at various sites in a 
tightly packed canister, in the course of 
four or five hours, migrate several centi- 
meters in the to and fro. In the circle 
filter such migration of granules is slight 
Lead impregnated granules exposed to 
hydrogen sulphide at first undergo a 
spotted discoloration instead of becom- 
ing uniformly darkened as they do in the 
to and fro. Discoloration is absent at tlie 
points of contact of contiguous granules. 
As is the case of tlie to and fro, the gases 
sweep along the sides preferentially. Ul- 
timately the granules are uniformly 
darkened in a similar manner to that of 
the to and fro. A rhomboid shaped area 
or "blind spot,” similar to that found in 
the to and fro, is also present in the ter- 
minal third of the canister. Chemical 
analyses of samples of the absorbent re- 
moved from various parts of the canister 
reveal the pattern of exhaustion to be 
similar to that of the to and fro. The 
greatest concentration of carbon dioxide 
is in the granules at the inlet and along 
the sides (Fig. 5.5). The concentration 


decreases progressively towards the out- 
let. In large canisters the absorbent at 
the outlet half of tlie canister is less than 
SttSe.xbausfed at the time carbon dioxide 
appears in detectable amounts at the 
outlet. Methods of utilizing this absorb- 
ent to its fullest capacity are described 
further on. 

Mention lias been made that in the 
circle filter absorption is eflicient as long 
as the tidal volume is equivalent to or 
less than the air space in the canister. 
When the tidal volume exceeds the air 
space of the canister, efficiency, as in the 
to and fro filter, likewise falls off. The 
gases do not come to rest and remain in 
contact with the absorbent, since they 
arc not entirely accommodated by the 
air space. ^Vhen the tidal volume is 
equal to or smaller than the air space the 
gases advance tlirough tlie canister in a 
pulsating fashion during each expiration. 
The efiluent gases pass into the breath- 
ing bag from which lliey are dra\vn dur- 
ing inspiration. E.xcept for movement 
due to efflux, inllu.x and to diffusion, the 
gases in the canister are stationary in the 
air space during tlie expiratory phase of 
respiration. It is advantageous in the 
circle filter, therefore, to have a canister 
which has an air space larger than tlie 
tidal volume because this periodic ad- 
vance permits longer contact with the 
absorbent. The larger the canister the 
longer tlie period of uninterrupted use. 
The average concentration of carbon di- 
oxide in the effluent gases is uniform. 
The moment to moment variations are 
not significant. 

AIR SPACE 

The importance of tlie air space in a 
canister has been alluded to and empha- 
sized in tlie preceding paragraph, Tlie 
total air space is composed of the space 
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between the granules, or intergranular 
space, and that within the granules or 
intragranular. Absorbents have varying 
degrees of porosity. The total air space 
in a given quantity of absorbent may be 
computed by the method of specific 
gravity or by actually displacing the air 
\vith water, cyclohexane or other fluids. 
The intergranular air space varies with 
the number of granules in a given vol- 
ume, The smaller the mesh of soda lime 
the greater the number of granules and 
the total weight of absorbent and the 
less the air space. The pore air space 
varies with the moisture content. The 
low moisture limes have more than the 
high moisture, since the water occupies 
the pores. It is doubtful that a true meas- 
ure of the air in the pores can ever be 
obtained. As absorption proceeds the 
pore space decreases. The total air space 
is anywhere from 40-60% of the total 
volume of a canister depending upon the 
particular absorbent examined (Fig. 6.5). 
The pore air space is .2 to .3 ml. per gram 
and is approximately the same for either 
Baralyme or soda lime. 

TIME EFFICIENCY 
The effectiveness of the absorbent in 
completely removing carbon dioxide is 
sometimes referred to as the absorption 
efficiencij. An absorbent may be highly 
active and completely remove carbon di- 
oxide for a short interval of time. The 
time the absorption acts is called time 
efficiency. Sodium hydroxide sticks, for 
example, are highly efficient in absorb- 
ing carbon dioxide. However, they soon 
become coated with sodium carbonate, 
after which effective absorption ceases 
because the gas does not penetrate the 
carbonate film. Such an absorbent is said 
to have a high absorption efficiency but a 
poor time efficiency because it absorbs 



Fig. 6 5, The space actually occupied by the 
absorbent (A), the intragranular air space (B) 
and the intergranular air space (C) of an 8 X 
13 cm. cylindrical canister charged with 4 to 8 
mesh soda lime. 

well while it absorbs but it absorbs for 
only a short time. All the available al- 
kali is not utilized. The ideal absorbent 
possesses both types of efficiency. Both 
the absorption and time efficiency of 
soda lime are high. 

COMPLETENESS OF ABSORPTION 
Adriani and Rovenstine and later Con- 
roy and Seevers showed that at no time 
is there absolute, complete removal of 
carbon dioxide from a canister using 
soda lime, A trace passes through at all 
times. This trace at first is not detectable 
by the ordinary methods of analysis. 
The carbon dio.xide concentration is far 
less than is found in the atmosphere and, 
therefore, of little consequence. That 
carbon dioxide comes through in traces 
is not difficult to understand when one 
considers llie process of absorption. The 
distance between granules compared to 
the size of a molecule of carbon dioxide 
is relatively great. It is conceivable tliat 
some molecules of carbon dioxide slip 
through without ever coming into con- 
tact with the soda lime granules. Tlien 
also, carbon dioxide is not highly solu- 
ble. Many of the molecules which do 
come into contact are not dissolved in 
the moisture in the soda lime granules 
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and are, therefore, not neutralized. Tlioy 
too pass on through. Carbon dioxide is 
poorly ionized and forms a weak acid. 
Therefore, it is not immediately neutral- 
ized and this retards its absorption. 
Gradually, as the alkali on the surface of 
the granules in various parts of the gran- 
ule is neutralized, more carbon dioxide 
molecules, since tliey are not neutralized, 
pass through. Tire effluent concentration 
increases and soon reaches a detectable 
level. The concentration at this point may 
still be less than is ordinarily found in 
the atmosphere and of no clinical signifi- 
cance. The concentration continues to 
increase and finally reaches a point at 
which it is no longer tolerable to most pa- 
tients. Shortly afterward terminal exhaus- 
tion occurs. 

The concentration of carbon dioxide 
which can be recirculated in this manner 
differs immensely from patient to pa- 
tient. Generally, in most patients, when 
concentrations of O-S*? are relumed to 
the mask the effects of hjpercapnia be- 
come noticeable. Many anesthetists still 
feel that a little carbon dio.xide docs no 
harm. One must remember that the ab- 
sorption technique was introduced at a 
lime when the semi-closed technique 
with rebreathing was universally em- 
ployed. Some degree of hypercapnia was 
considered desirable at tliat time. The 
contrast between the hyperventilation 
using the semi-closed system in vogue 
when absorption was introduced and the 
quiet breathing during the absorption 
technique was so striking that the im- 
perfections of closed system anesthesia 
were not appreciated for some time. 
Gradually it was realized that some pa- 
tients tolerated incomplete removal of 
carbon dioxide better than others. Hiis 
has led to reappraisal of carbon dioxide 
filters. As a result three schools of 


tliought exist at the present time: (1) the 
school that says total removal should be 
achieved but cannot be achieved, (2) 
the one that feels that “a little carbon 
dioxide does no hann” and continues to 
use the to and fro filter and filters of 
older design and (3) the school which 
states that carbon dioxide must be and 
can be completely removed by absorp- 
tion with alkali. Extensive experiments 
by the writer and his associates, Brown, 
Elam and others indicate that complete 
removal is possible if one desires it. This 
is achieved by using the circle filter with 
a large canister or one with canisters in 
series. This is described further on in this 
chapter. 

VARIABLE FACTORS IN 
ABSORPTION 
Duiution of Inspiration 
The duration of inspiration and expi- 
ration appears to have no effect on the 
efficiency of absorption in the circle filter. 
In laboratory studies using a mechanical 
ventilator no difference was found in ab- 
sorption when inspiration equalled e.xpi- 
ration, when expiration was H of 
cycle and inspiration % and inspiration % 
and expiration S. 

Effect of HusnmFrcATioN 
Since water plays an important role in 
the reaction of neutralization one would 
assume that absorption is more effective 
when the gases are humidified. How- 
ever, this is not the case. Absorption is 
as effective when the gases are unhumid- 
ified as when humidified as long as soda 
lime of a high moisture content is used. 
Tlie moisture obviously must be incor- 
porated within the granule to be of bene- 
JiL Thirty minutes after a canister is in 
use in either the to and fro or tlie circle 
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system, the moisture from the reaction of 
neutralization raises the humidity to 
nearly 100^. Still, if a low moisture ab- 
sorbent is used in the presence of 100% 
humidity absorption is not satisfactory. 

Position of Canister 
The position of the canister, likewise, is 
immaterial provided the canisters are 
tightly packed with absorbent so that 
channeh’ng does not occur. Absorption 
is as effective when the canister is placed 
horizontally as when it is placed verti- 
cally. Absorption is equally as effective 
when the gases pass through the soda 
lime from below upward through a verti- 
cally placed canister as from above down- 
ward. 

Shape of Canister 
Globular, oval, conical, oblong, and 
other shaped canisters may be used to 
absorb carbon dioxide with approxi- 
mately the same efficiency, provided the 
tidal volume of the gases is equal to the 
air space in the canister. Differences of 
clinical importance may be due to resist- 
ance to the passage of gases rather than 
to absorption or time efficiency (Fig. 5.7). 

Material for Canisters 
Canisters may be constructed of metal, 
usually brass or steel. Recently, plastic 
canisters ha^'e become popular because 
of transparency. Metals possess an ad- 
vantage over plastics because they 'with- 
stand contact with lieat and alkalis. Be- 
sides they conduct heat better than most 
plastics. This helps dissipate heat result- 
ing from the chemical reaction. Hiis is 
especially important in the to and fro 
unit. The early plastic containers were 
not satisfactory because etching oc- 
curred from the effects of the alkali or 
tliey tended to warp from the effects of 
heat. This in turn caused leaks in the 
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system. Frequently they became stained 
by the indicator dye and became useless 
for detecting color changes. There have, 
however, been improvements in plastics 
so that present day containers are more 
satisfactory. 

CHANiVELING 

A phenomenon referred to as channel- 
ing may cause considerable reduction in 
efficiency which leads to hypercarbia 
and a waste of soda lime. Unless the ab- 
sorbent is packed tightly and uniformly 
the gases follow the path of least resist- 
ance and create channels directly from 
the inlet to the outlet of the canister. 
They, thus, bypass the bulk of the gran- 
ules of absorbent and incomplete neu- 
tralization occurs. These channels may 
be visualized by using hydrogen sul- 
phide on the lead acetate coated gran- 
ules mentioned heretofore. Streala of 
partially darkened granules radiate 
throughout the mass of absorbent when 
channeling occurs. The sides of the can- 
ister should be tapped as it is filled to 
assure uniform filling. A clamp type of 
screen on top to tightly fix the mass as- 
sures no movement of the granules (Fig. 
8.5). Channeling may also be caused by 
faulty canister design. Channeling is 
prone to occur in canisters having bypass 
tubes in the center. Disks referred to as 
baffles are sometimes placed at the inlet 
or outlet to divert the gases in a more 
uniform fashion throughout the canister. 
A channel is often established in a to and 
fro filter along the top of tlic canister 
particularly ivhen it is held horizontally 
or is partly inclined. The constant han- 
dling of the canister causes fragmenta- 
tion of the granules, especially when it is 
not tightly packed. The sifting together 
leaves a void which results in a channel 
from inlet to outlet. 
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Fic, 7.5. The effect o{ variations in the shape of the canister upon the 
efficiency of absorption of carbon dioTide by soda lime. The volume 
and inter and intra-gninular air space, tidal volume and respiratory rate 
are the same in each trial. (From Adrian! and Byrd, Anesthesiology, 
2.-450, 1941. Courtesy of Anesthesiology) 


REGENERATION OF ACTIVITY— 
“PEAKING’’ 

Early in the use of carbon dioxide ab- 
sorption a phenomenon referred to as 
“peaking” was reported. This was more 
obvious in the circle than in the to and 


fro fiber. Adriani and Rovenstine found, 
after aerating 8 X 13 cm. canisters 
charged with soda lime using a tidal vol- 
ume of 500 ml., a respiratory rate of 20 
and a carbon dioxide output of 200 ml. 
per minute, that absorption rapidly fell 
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Fic. 8.5. Clamp-type screen to assure tight packing of 
canister 'vith absorbent to avoid channeling 


off after 5 hours in the to and fro filler 
(Fig. 9.5) and after 2J3 hours in the circle 
filter (Fig. 10.5). They further obscr\’ed 
tliat the soda lime was not completely 
exhausted and that these end points 
were only apparent. ^Vhen the charge 
was set aside and allowed to remain idle 
for a period of several hours and aerated 
again under tlie same conditions, ab- 
sorption proceeded nearly as efficiently 
as before but for a shorter period of time. 
This was true in both types of units. 

After a number of such intervals of 
efficient absorption with inter\'ening 
“rest” periods, terminal exhaustion oc- 
curred since the bulk of the hydro-rides 
were all converted to carbonates. Each 


interval of efficient absorption was 
shorter than the preceding one, totalling 
si.x to seven hours before a 500 gm. 
cliarge svas completely exhausted. In the 
to and fro filter a second period lasted 
approximately one hour, the third one- 
fourth to one-half hour. Gram for gram, 
approximately the same total time effi- 
cienc)' was obtained per 500 gm. of ab- 
sorbent in each type of unit when com- 
parisons were made under identical 
conditions. More frequent “rest” periods 
were essential in the circle filter than in 
the to and fro. 

This reactivation is explained by the 
fact that sodium h)'dro.xide, which is 
more soluble and more active chemically 
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than calcium hydroxide, combines pref- 
erentially with carbon dioxide to form 
sodium carbonate. Sodium carbonate, 
because it is soluble, dissolves in llic 
moisture in the granule. It, thus, can per- 
meate into the granule and react with 
the less active and less soluble unneu- 
tralized calcium hydroxide to form cal- 
cium carbonate and sodium hydroxide. 
The moisture in a soda lime granule 
forms a film on the surface within the 
porous mass of calcium hydroxide com- 
posing tlie granule. This moisture is ac- 
tually a solution of botli hydroxides. 
Since sodium hydroxide is more soluble 


than calcium hydroxide it predominates 
in the water film. Upon exhaustion the 
film contains predominately sodium car- 
bonate. The following equation indicates 
the reactions which occur: 

2NaOII + IIiCO,-»No,C 03 + 211,0 

+ 

Ca(on), 

+ 

2NaOir + CaCO, 

TJiis reaction is not reversible since cal- 
cium carbonate is insoluble. The regen- 
erated sodium hydroxide imparts re- 
newed activity to the absorbent. Sodium 
hydroxide is soluble in alcohol while the 
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Fic. 9.5. A comparison of the time inteivaJ during which efficient absorption 
occurs in the to and fro and circle type of umt used for carbon dioxide absorp- 
tion and the effect of variations in tidal volume, respiratory rate and carbon 
dioxide output per minute. (A) Absorption with normal tidal volume and 
respiratory rate. (B) Effect of increasing tidal vxilume, maintaining respiratory 
rate and CO,. (D) Increased respiratory rate with normal minute volume ex- 
change obtained by decreasing tidal volume. (E) Effect of increased respiratory 
rate (F) Increase of both tidal volume and output of COj. Tliese comparisons 
were made on canisters of the same size and under the same experimental 
conditions. The curves represent die concentration of unabsorbed carbon di- 
oxide which passes through the filter. (From Adnani and Byrd, Anesthesiology, 
2-450-1941.) (Courtesy of AnesthesicHoSf.} 
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Fig. 10.5. The relationship of tidal volume of the patient to the total air space 
^vithin a canister charged with absorbent. The optimum absorption efficiency 
is obtained when the tidal volume equab the air space within the canister as 
shoNvn in A, D and F. Comparisons were made on 8 X 13 cms cylindrical 
canisters charged with 4-8 mesh soda lime. (From Adn'ani and Byrd, Anesfftcsi* 
ology, 2-450-1941.) (Courtesy of Anesthesiology) 

other ingredients in soda lime are not other “rested.” During this period of 
Foregger, utilizing this fact, showed that idling its charge became reactivated 
sodium hydroxide regenerates when ex- while the other was in operation. In re- 
hausted soda lime “rests.” Calcium hy- cent years soda lime has been improved 
droxide also absorbs carbon dio.xide di- so that this “peaking” is seldom seen in 
rectly to form calcium carbonate without present day practice (Fig. 11.5). Thus, 
this intermediary reaction, but this direct alternation of canisters no longer appears 
reaction is less prominent. One can see to be necessary. Tlie interaction between 
how calcium hydroxide is the mainstay the soluble carbonates and calcium hy- 
of the absorption process and ultimately droxide still occurs but keeps pace with 
performs the bulk of the task of absorp- absorption. The elimination of the lag 
lion. The sodium hydroxide, however, is heretofore observed may be ascribed to 
necessary to maintain the necessary ac- the following improvements in soda lime, 
tivity. These are: (1) Less silica is now used. 

This reduces the hardness which facili- 
DUAL CANISTERS tates the permeation of the soluble con- 

The older fillers w’erc equipped with slituents into the granules so that the 
dual canisters with a selector valve to interaction of carbonates and hydro.xides 
permit alternation of charges. One can occur. (2) The moisture content is 
charge could be bypassed w’hfle the better controlled and more uniform and 



174 


Chemistry and Physics of Anesthesia 


%C02 



HOURS 


higher. Moisture is necessary for the in- 
teraction to occur and maintain the pace 
with absorption. (3) Small quantities of 
potassium hydroxide (1%) are now added 
to soda lime. Tliis enhances the activity 
of tlie absorbent. 

TENtPERATURE DURING 
ABSORPTION 
Sources of Heat 

The reaction of neutralization Is exo- 
thermic, Consequently canisters warm 
up when in use. The heat which is 
evolved, however, is not all derived (tom 
the reaction of neutralization. Another 
source is the heat of sofution. Tfrc 
amount evolved from this soinrce is neg- 
ligible when using present day absorb- 
ents because the sodium hydroxide con- 
tent is low and moisture content is high. 
Solution of the hydroxide has already 
occurred. Absorbents which contain high 
percentages of sodium hydroxide and 
low moisture release heat as they absorb 
water due to the hygroscopic properties 
of sodium hydroxide. Heat is also 
evolved when the moisture condenses in 
the breathing bag and tubings. This 
moisture has a dual origin— from the pa- 
tient’s lungs and from the condensation 


Fic. 11.5. Pattern of absorption in 
circle filter using present day 
(1939) soda lime aerated 20X per 
minute, tidal volume 500 ml., CO, 
output 200 ml., canister charged 
I svith 600 gm. 6 to 8 mesh soda lime 

I composed of 52 NaOH, 12 KOH, 

I 15% HjO and Ca(OH)* q.s. Note 

I slight but gradual increase in car- 

I bon dioxide recirculated until 

I point of terminal exhaustion. 

g j “~2 Charge allowed to rest 12 hours 

after which it was aerated in same 
manner. Note absence of regenera- 
tion of activity. 

of the water vapor liberated by the reac- 
tion of neutralization. Some heat is also 
added from the exhaled air. The bulk of 
the heal Is due to neutralizatjon, how- 
ever. 

TotPERATURE IN THE CANISTER 

The temperature of the reacting ab- 
sorbent In the heart of a to and fro canis- 
ter, at times, may exceed BO^C. This, 
since the canister is so close to the face 
piece, frequently causes the inspired air 
to be warmed above body temperature 
(39® ± 42''C.) (Fig. 12.5). When a freshly 
charged canister is placed in use the 
temperature in the front third ranges be- 
tween 55® and 60®C., that in the center 
portion ranges between 50® and 55®C. 
and that in the distal third portion aver- 
ages 40® to 45®C. As absorption pro- 
ceeds, the temperature in the center rises 
to 60®C., at the end to 50°C., while the 
front end falls to approximately 50®C. 
These temperatures were observed when 
tips of the thermometers were placed in 
the soda lime approximately 2 cms. be- 
low the edge of the canister. As a charge 
in a canister becomes e.xliausted, that in 
the front falls to 40®C., that in the center 
to 50®C., and that in the end rises to 
60®C Temperatures in all portions of 
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Fig. 12.5. Comparison under iden- 
tical ventilating conditions of tem- 
peratures in mask using circle filter 
(Foregger with 30" X 13*" corru- 
gated tubing) and to and fro (13 
X 8 cm. brass canister). The tune 
in minutes required to reach a 
steady state is also shown. 


*C 



the canister drop as soon as terminal ex- 
haustion occurs. A cool canister usually 
indicates the absence of chemical activ- 
ity and inadequate absorption. However, 
a low carbon dioxide output may not lib- 
erate sufficient heat to warm the canister. 

A pattern of temperature ranges simi- 
lar to the to and fro is also noted in the 
circle filter. 'The average range, howev'er, 
is approximately 5°C. less than in the to 
and fro. This is understandable since the 
opportunity for loss of heat by conduc- 
tion, convection and radiation is greater 
in the circle filter. The temperature of 
the jacket of a circle filter offers little 
clue to that in the interior of the reacting 
absorbent. Palpation of the canister 
yields more information in the case of 
the to and fro than the circle filler. 


Temperatuke in Mask 

Since the inspired gases may be above 
body temperature in the to and fro unit 
heat is not only retained by tlie patient 
but it may even be added to his respired 
gases. Heat retention, therefore, is a 
possibility using the to and fro. In the 
circle filter the tubing is long and the 
soda lime chamber is large. The tubes, 
valves and canister help dissipate the 
heat. The temperature in the face piece 
in the circle system varies with the type 
of unit but rarely exceeds 32®— SS^C. 
(Fig. 12.5). The heat output and the re- 
sultant temperatures, of course, vary 
witli the carbon dio.xide output of the 
patient, the environmental temperature, 
the length of the tubes, the size of the 
canister and the area from which radia- 
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tion occurs. Carbon dioxide output is in- 
creased in fever, tliyroid disease, and 
otlier conditions in which metabolic rate 
is elevated. In these instances tempera- 
tures in the inhaler may be higher and 
time efGciency of the absorbent shorter, 
since the reacting quantities are greater. 
The temperature of tlie outside of a 
chrome plated steel canister in the to and 
fro unit averages twenty degrees less 
than that of the mass inside under ordi- 
nary conditions of usage. The degree of 
warmth of tlie exterior of the canister is 
not a reliable index of the efficiency of 
absorption. Tlie canister may feel cool, 
even though absorption is efficient if car- 
bon dioxide output is low. On the other 
hand, a hot exterior may result if carbon 
dioxide output is high even though the 
gas is not completely removed. 

TcMPEnATunE OF Gases Enteiunc 
T ire Canister 

Tlie temperature of the gases entering 
tlie canister does not appreciably indu- 
ence the absorption efficiency from a 
clinical standpoint Canisters ventilated 
with air containing 23 carbon dioxide at 
O^C, 28°C. and lOO^C. effectively fil- 
tered carbon dio.xide in eacli case. The 
velocity of a chemical reaction iacieascs 
as the temperature rises. However, any 
differences in velocity of the chemical re- 
action are of no apparent practical im- 
portance. 

ABSORBENTS CONTAINING 
INDICATORS 

Soda lime is impregnated ivilh dyes 
which change color when the hydroxides 
are neutralized and converted to carbon- 
ates. Many compoimds have different 
colors at different hydrogen ion concen- 
trations. These color changes occur be- 
cause these compounds are acids or bases 


which enter into proton transfer reac- 
tions converting a base into an acid or 
vice versa. The acid form has a different 
color than the base form. Methyl orange, 
for e.xample, is a weak organic base 
which is orange in color. When con- 
verted to an acid it turns yellow. Be- 
tween pH 6 8 and 8.4 the base and acid 
are botli present in varying proportions, 
so that the color varies from shades of 
yellow to orange. Tliese various shades 
of color may be used to determine the 
hydrogen ion concentration of a solution. 
Some indicators are acids which form 
salts with bases. Phcnolphtbalein is an 
example of a weak, colorless organic acid 
which is converted by a base to a pink 
soluble substance. Ethyl violet is a color- 
less base which is impregnated in soda 
lime. Tlie base reacts with carbonic acid 
to form tlie soluble carbonate whicli is 
purple. Wljen all the sodium hydro.xide 
is converted to sodium and calcium car- 
bonate, a purple color develops. Clayton 
yellow is also used as an indicator for 
soda lime. Tlie basic form is red, the acid 
fonn yellow. Soda lime granules impreg- 
nated with the dye appear pink; when 
exliausled they are yellow. The color 
change occurs at a high pH range. 

Soda limo vnd\ indicators was first re- 
ceived with entliusiasm when the idea 
w’as first conceived. However, after e.x- 
tensive clinical trials, it was found that 
the physiologic end point, that is, the 
point at which Iiypercarbia becomes in- 
tolerable, did not coincide with the 
chemical end point (the point at which 
the color change occurred). Usually, 
signs of hypercarbia appear before the 
color change. In some filters, after a 
charge of absorbent has been in use 
some time, the granules along the side of 
the canister change color, while those in 
the center have not changed color, since 



177 


Carbon Dioxide Absorption 


the gases sweep along the side more 
easily than tlirough the center. Thus, a 
color change along the sides is not nec^ 
essarily an index of the state of the ab- 
sorbent throughout the entire canister. 
Carbon dioxide may be leaking through 
due to channeling without any color 
change of the granules facing the canis- 
ter. Also a color change may occur and 
disappear after the charge stands. This 
reversal of the color change is due to re- 
generation and reformation of traces of 
sodium hydroxide. This change may oc- 
cur when the absorbent is exhausted suf- 
ficiently to be of no further value clini- 
cally, but still contains enough alkali to 
cause sufficient regeneration to eflFect 
these color changes. Thus, up to now 
indicators have been of little service. 
However, indicators are of value in the 
circle system if two canisters are placed 
in series. Tlie absorbent is used until a 
color change occurs in the first canister. 
This canister is removed and replaced 
by the second one and a fresh charge is 
placed in the position occupied by the 
second canister. This “in series” arrange- 
ment is described further on. It must be 
emphasized that the only final assurance 
of complete removal is to use a method 
of detecting carbon dioxide at the outlet 
of the filter. 

CONtPLETENESS OF UTILIZATION 
OF ALKALI 

Utilization of a charge of soda lime to 
the point of complete neutralization of 
its contained alkali does not occur. The 
percentage utilized varies widely under 
different clinical conditions, with the tj'pe 
of absorbent and with the type of canis- 
ter. Even under ideal circumstances, 
1002 utilization of the alkali does not 
occur. Some alkali in the heart of the 
granule remains unused at the point of 


terminal absorption when intolerable 
quantities of carbon dioxide are returned. 
One gram molecular weight of calcium 
hydroxide (74 gm.) theoretically absorbs 
22.4 liters, or 44 grams of carbon dioxide 
provided the conversion is to calcium 
carbonate alone and no bicarbonate 
forms. Conversion of the carbonate to 
bicarbonate would increase the quantity 
of carbon dioxide absorbed. The forma- 
tion of bicarbonate, as has been men- 
tioned previously, is of no clinical conse- 
quence since intolerable quantities of 
carbon dioxide would filter through by 
the lime this reaction was occurring to 
any appreciable extent. A gram molecu- 
lar weight of sodium hydroxide (40 gm.) 
absorbs 22 grams, or 11.2 liters of car- 
bon dioxide. The theoretical capacity of 
soda lime for carbon dioxide cannot be 
stated since soda lime is a mixture of 
two hydroxides and water. The capacity 
varies with the composition. During ac- 
tual use the ease with which the gas 
penetrates into and neutralizes the al- 
kali in the heart of the granule is impor- 
tant This depends on porosity and hard- 
ness. The porosity varies from specimen 
to specimen. It \'aries as absorption pro- 
ceeds because the pores may fill svith 
water or dust or they may be occluded 
by the e.xpanding carbonates. 

The carbon dio.xide content of the 
granules varies in different parts of the 
canfeter. It is greatest in the granules at 
the inlet and along the sides of the can- 
ister. The utilization of the theoretical 
capacity of soda lime may be as low as 
35% in one part of the canister of a circle 
system and as high as 85% in another. 
The average of all granules is approxi- 
mately 50% in canisters used singly and 
70% in those used in series. Some gran- 
ules are found to be neutralized to a 
lesser extent than olliers when the 
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charge as a whole is no longer clinically 
effective. 

DIVIDED CANISTERS AND 
CANISTERS IN SERIES 
Complete removal of carbon dioxide 
from the effluent gases is possible using 
a circle filler but not a to and fro. Some 
carbon dioxide returns to the maslc; ex- 
cept for a period of approximately one 
hour, when a charge is first placed in use 
in the to and fro. It has been mentioned 
that minute traces of carbon dioxide 
which arc not detectable by ordinary 
methods pass through a circle filter from 
the moment a fresh charge is placed in 
use. This slight trickle increases gradu- 
ally and finally a point is reached where 
it becomes delectable. If the absorbent 
is discarded as soon as carbon dioxide 
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Fig. 13 5. The alkali in the absmbent may be 
utilized to its fullest extent in tlie arcle filter 
by dividing the canister into two sections. Ab- 
sorbent in upper section (1) is temunally ex- 
hausted as evidenced by change in color of 
indicator while that in lower half (2) is partly 
exhausted. (A) Absorbent is utilized to its full- 
est extent by shifting lower section 2 to tipper 
position and recharging section 1 and placing 
in lower position (B). Absorbent in section 2 
changes color when terminally exhausted, but 
that in I is only partly used (C). Section 2 is 
replaced by 1 and 2 is recharged (D). The 
process is carried on ad infinitum. 


first becomes detectable, a certain 
amount of soda lime is wasted. The 
granules at the inlet half of the canister 
arc almost completely exhausted so that 
they no longer absorb carbon dioxide. 
The granules at the exit half are par- 
tially e.\hausted and are still capable of 
neutralizing carbonic acid, although not 
as effectively as when fresh. In order to 
utilize this partially e.\hausted absorb- 
ent to its fullest extent. Brown and Elam 
have suggested using an exceptionally 
large transparent canister holding 2200 
grams or more. This is divided into two 
sections of equal size, each of wliich can 
be interchanged (Figs, 13.5, 14.5). The 
absorbent at the inlet section is used 
until tlic indicator changes color com- 
pletely tliroughout the entire section. 
The absorbent at the outlet half is still 
active. Therefore, no carbon dioxide 
passes from the canister at this point of 
color change. The exhausted section is 
removed and replaced by the lower, 
partly exiiausled section. The exhausted 
absorbent in the upper section is re- 
placed by a fresh cliarge. The freshly 
charged section is placed at the outlet 
(lower) half. The process is repeated ad 
infinitum. This arrangement is actually 
two canisters in series. Each compart- 
ment should be of sufficient size to ac- 
commodate the maximum anticipated 
tidal exchange in the air space of the 
canister. 

The writer has modified the double 
canister filter so tliat both canisters may 
be used in series at one time or each may 
be alternated singly, whichever way one 
desires (Figs. 15 5, 16.5). The gases pass 
Uirough the first canister into the 
brcathing bag on expiration. On inspira- 
tion they are drawn from the bag 
through the second canister. The first 
canister is used until the indicator 
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Fig. 14.5. The Rosh’cII Park circle filter employs divided canisters. 


changes color, after wliich it is replaced 
bj the second wliicli is inverted and used 
until it also changes color. The ex- 
liausted absorbent in the first canister is 
discarded and the replenished canister 
is placed in the second position. A 450 
gram charge lasts six hours, and absorbs 
200 ml. carbon dioxide per minute. The 
carbon dioxide content of the gases in 
the breathing bag is Q.o% at this point. 
That of the effluent gases in the second 
canister is zero. The process is repealed 
ad infinitum, 

CARBON DIOXIDE DETECTORS IN 
TIIE EFFLUENT STREAM 
One is never certain that absorption is 
complete and that the filtered gases are 


carbon dioxide free unless a detector is 
placed at the outlet of the canister. Chan- 
neling, failure of the indicator, the use 
of absorbent of low alkali or moisture con-, 
tent, or low degree of porosity or excep- 
tional hardness and leakage at the valves 
are some of the factors responsible for 
unrecognized incomplete removal. No 
simple reliable detector is available. De- 
vices for detecting and quantitatively 
determining the concentration of carbon 
dioxide in the effluent gases have been 
introduced from time to time, but thus 
far none has proved practical. Tlrese de- 
vices employ either physical or chemical 
methods of detection. In the chemical 
detectors the volume of gas necessary to 
neutralize a given volume of a dilute 
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Fig. 15.5. Circle system ^vi(h canisters in 
series. The charge in canister 1 (left) in position 
A is used until indicator dye dianges color 
throughout the charge. At this point charge In 
canister 2 (right) is only partly exhausted. Can- 
ister 2 is placed m position A and c.inistcr 1 is 
replenished and placed in position B and used 
until indicator cliangcs color. Partly used 1 is 
returned to position A and refilled 2 to position 
B. Gases are filtered on inspiration and expira- 
tion. 

solution of calcium or barium liydroxidc 
containing an indicator is determined. 
The gas is drawn from the filter with a 
aitd fceced ia the farm 
of fine bubbles tlirough tlie alkali. The 
percentage of carbon dioxide present is 
determined by the number of squeezes 
or bxilbsful necessary to effect a color 
change. One difficulty which has been 
encountered is that the alkaline dust 
coats the tubing and finds its way into 
the solution in the detector and renders 
the method of questionable value. The 
placement of strips of impregnated pa- 
per with indicators at the exit of the 
canister has been recommended. These 
are not satisfactory because the minute 


traces of carbon dioxide which unavoid- 
ably leak through are, in due time, ab- 
sorbed in sufficient quantity to convert 
the dye to the basic form. This occurs 
although the concentration of carbon di- 
oxide following through has not changed. 
Tlie Liston-Becker (Cliap. 7) infra-red 
analyzer may be used. Tliis is extremely 



Fic. 16 5. Adrian! filter using canisters in 
series. Traces of unabsorbed COs passing into 
breathing bag on expiration are absorbed do^ 
ing inspiration by second canister. See legend 
Figure 14.5. 



Carbon Dioxide Absorption 181 


sensitive, but is cumbersome and im- 
practical for ordinary use in an operating 
room. 

DUST FORMATION 
Fragmentation of particles of absorb- 
ent causes alkaline dusts to pass into the 
system. This is irritating to the upper 
respiratory passages. Dust formation is a 
greater problem in the to and fro unit 
than in the circle. Dust formation is obvi- 
ated by increasing the hardness of the 
absorbent by adding silicates and other 
cementing substances. Increasing the 
hardness decreases the absorption efiB- 
ciency. In the circle filter the canister is 
away from the face piece and in a fixed 
position. Not only is fragmentation mini- 
mized, but whatever dust forms is de- 
posited in the tubing, bag and the valves. 
Wetting the interior of the breathing 
tubes helps to gather the dust. Soft 
grades of soda lime are troublesome. Air 
must be blo^vn through the canister fre- 
quently to remove the dust before use. 

RESISTANCE CAUSED BY 
SODA LIME 

Soda lime contributes to the resistance 
an fnha!er offen> to pahnonary wnti^a- 
tion. This resistance, however, is only a 
fraction of the total ordinarily found. 
Most of it is introduced by the respira- 
tory valves and tubes which cause tur- 
bulent flow and friction. Any impedance 
to the flow of gases causes fluctuations 
in mask pressure, A negative pressure 
develops during inspiration. This returns 
to zero at the end of inspiraticm, after 
which a positive pressure develops dur- 
ing expiration. The pressure then returns 
to zero at the expiratory pause (Chap. 3). 
Increases in resistance raise these pres- 
sures in either the negative or positive 
phases or both, depending upon the 


and location of the impedance. The re- 
sistance is expressed in terms of pressure 
in millimeters of water. 

Resistance from soda lime is least 
when coarse mesh granules are used. 
Tlie number of granules of absorbent per 
cubic centimeter of space is, relatively 
speaking, small. The surface exposed to 
the gases per gram of soda lime is, there- 
fore, correspondingly low. An average of 
eight granules of a 4 mesh soda lime may 
occupy one cubic centimeter of space. 
Friction and turbulence, therefore, are 
not as great using this size absorbent. 
However, absorption efficiency is poor. 
On the other hand a fine mesh absorbent, 
as for example a 20 mesh, presents a cor- 
respondingly larger surface since more 
granules are found per unit volume. 
Sixty-four granules of a 20 mesh soda 
lime fit into one cubic centimeter. Ab- 
sorption efficiency is higher but there is 
more turbulence. The impedance offered 
to the moving gas is greatly increased due 
to the added number of particles. The 
optimum absorption efficiency with 
a minimum resistance is obtained when 
a blend of 4-8 mesh (approximately 20- 
30 granules) is used for inhalation anes- 
thesia. A thousand grams of absorbent 
introduces a resistance of mm. HaO 
when ventilation is occurring using a 5C)0 
ml. tidal volume 20 times per minute 
with inspiration equalling expiration in 
a cylindrical canister 8 cms. in diameter. 

SHAPE OF CANISTER AND 
RESISTANCE 

The shape of the canister influences 
both resistance and efficiency of absorp- 
tion. Oblong, cylindrical, spherical and 
oval shaped containers introduce the 
least resistance and are (he most satis- 
factojy from this standpoint. Conical 
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Fig. 17.5. TIio dead space or space containing 
nir which may be rebreathed without being 
freed of caibon dioxide in various types of 
appliances for inhalation anesthesia is repre* 
sented by shaded areas. (A) The semi-closed 
sj'stem which consists of a mash, equipped 
with exhalation valve and breathing bag. (D) 
Tlie to and fro unit. The front part of the 
canister acts as dead space as the absorbent 
becomes exliausted if a canister of proper size 
is not used. (C) The circle filter. The dead space 
in this unit is confined wholly to the mask if the 
vahes function properlj'. (D) A unit embodying 
both the features of the to and fro and circle 
systems Tlie vah'e cages add to the total dead 
space. 

shaped, narrow cylindrical shaped and 
rectangular canisters offer greater resist- 
ance to passage of respiratory gases than 
wide cylindrical shaped. The rectangular 
canisters are less efficient because the 
absorbent in the comers is not utilized. 

DEAD SPACE IN REBIIEATHINC 
UNITS 

Mechanical dead space is an impor- 
tant aspect of tlie rebreatliing technique. 
Dead space has been discussed in a gen- 


era! way in Chapter 3. Afechanical dead 
space is the space occupied by gases 
winch do not come into direct contact 
with the absorbent. It represents the 
space occupied by gases inhaled with- 
out being freed of carbon dioxide or re- 
plenished with oxygen. The mechanical 
dead space in the circle filter is that 
volume of air in the mask and connect- 
ing pieces up to the outlet lube (Fig. 
17.5). Incompetent valves in a circle 
filter cause rebreatliing and, therefore, 
increase dead space. Collapse of the cor- 
rugated tubes during inspiration, like- 
wise, causes rebreathing and increases 
dead space. Back diffusion and back re- 
coil of the column of gases into tlie tube 
ako contribute to the total dead space. 
These factors are eliminated when prop- 
erly sealing valves are placed on the 
mask and the tubes are pliable but not 
collapsible. In the to and fro tlie me- 
chanical dead space is the volume of 
gases in the mask up to the screen of the 
canister. The dead space increases pro- 
gressively from the screen inward m the 
to and fro, especially if tidal volumes are 
less than the air space in the charged 
canister. Tlie face piece accounts for 
much of the dead space of closed in- 
I'.iWss “aC Tlva davi in 

large masks or face pieces may be as 
much as 200 ml. The dead space in the 
mask of infants and children is propor- 
tionately greater in relationship to tidal 
exchange than it is in adults. Tubings 
or connecting pieces without valves in- 
terposed between the canister and mask 
further increase mechanical dead space. 

Both the mechanical and physiologi- 
cal dead spaces are reduced to a mmi- 
inum during intratracheal anesthesia, 
since the catlieter ehminates the dead 
space in the naso- and oropharynx and 
the mask. The anatomical dead space 
offsets rapid and abrupt changes in al- 
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veolar carbon dioxide and oxygen ten- 
sions. Increases in mechanical dead 
space ultimately cause increases in al- 
veolar carbon dioxide tension. This may 
be intolerable to individuals susceptible 
to slight changes in carbon dio.xfde ten- 
sion and causes them to develop respira- 
tory and circulatory disturbances. Dead 
space is a vexsome problem when using 
closed systems for anesthesia for infants 
and children. Even the smallest mask 
may increase the total dead space be- 
yond the tolerable limit in children and 
young adults because the tidal volume is 
so low and the pharynx and trachea are 
small. In pediatric anesthesia the space 
in the mask and connecting pieces is, at 
times, out of proportion to the tidal vol- 
ume. The open techniques of anesthesia 
have been employed for many years for 
pediatric surgery because hypercapnia 
was uncontrollable due to inadequacy of 
available apparatus for infants and chil- 
dren. 

DEFICIENCIES OF TO AND 
FRO SYSTEM 

The dead space in the to and fro can- 
ister extends progressively inward from 
the screen in the front part of tlie canis- 
ter toward the bag end. This situation is 
most pronounced when the tidal volume 
of the patient is less than the air space 
in the canister. The soda lime at llie inlet 
becomes exliausted while that at the out- 
let remains active. The intergranular and 
pore air space at the outlet, after a time, 
is converted to dead space, since the 
gases are rebreathed without being freed 
of carbon dioxide. Such a progressive 
extension of dead space occurs during 
shallow breathing and during anesthesia 
for small adults or children when using 
large or standard size canisters. Smaller 
canisters, such as the 6X8 or 7 X 12 
cm. sizes, should be employed in sub- 


jects u'ith lo^v tidal volumes for more 
efficient absorption. This problem of pro- 
gressive extension of dead space is not 
present in tbe circle filter since the pat- 
tern of absorption differs and tidal vol- 
umes less than canister air space do not 
produce dead space, 

EFFECT OF ABSORBENTS ON 
STABILITY OF ANESTHETIC 
AGENTS 

All inlialational anesthetics are stable 
in the presence of reacting alkalis ex- 
cept trichlorethylene. The writer has 
studied tbe effects of the alkalis in soda 
lime upon ether, vinyl ether, cyclopro- 
pane, ethylene and nitrous oxide. Cyclo- 
propane-oxygen mixtures exposed to 
canister temperatures of 70®C. remained 
stable and showed no evidence of de- 
terioration. No evidence of polymeriza- 
tion or conversion to propylene was 
noted. Ethylene and nitrous oxide are 
stable in the presence of warm alkalis. 
Ethyl ether ordinarily is oxidized to pe- 
roxides by heat in the presence of oxy- 
gen. Ethyl ether mixed with o;^’gen 
and exposed to temperatures of 65®C. 
for one hour developed minute traces of 
aldehydes, the average being 0.00001%. 
Peroxide formation did not occur during 
this time. Vinyl ether, likewise, is stable 
in the presence of warm alkali. Chloro- 
form may be converted to formic acid 
by alkalis. However, the resulting formic 
acid is neutralized by the hydroxides and 
converted to sodium and calcium for- 
mate in the canister. Etliyl cliloride is 
an ester of ethyl alcohol and hydro- 
chloric acid. It may, therefore, be hy- 
drolyzed into these products by the 
alkali. The hydrochloric acid would, of 
course, be adsorbed by the alkali but the 
alcohol remains unchanged. The rate of 
hydrolysis varies. The presence of the 
alcohol is of no consequence. Halothane, 
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ethyl vinyl ether, triDuorocthyl vinyl 
ether, likewise, undergo no change in 
the closed circuit. 

Triclilorelhylene undergoes chemical 
changes when in contact with w’arm 
alkali. It should, tlicreforc, never be 
used in closed circuit anesthesia with 
alkaline absorbents. Some oxidation to 
phosgene oceurs. However, the more 
dangerous product is dichloracelylene 
which is botli neurotoxic and explosive. 
Dichloracelylene does not form and ex- 
ert its deleterious effect immediately 
upon contact with the alkali. Instead, 
the trichloreth)’Iene is absorbed by the 
granules and the dichloracelylene forms 
gradually. Tlie patient exhaling the tri- 
chlorethylene usually suffers no ill- 
effects. It is tlie one who is anesthetized 
later who docs. Increasing the alcohol 
content of chloroform, ether or vinclhene 
does not influence the aldehyde or pero.t- 
ide content of the vapors in a closed 
system. The possibility that soda lime 
may act as a catalytic agent and cause 
flammable organic substances to under- 
go spontaneous combustion in a closed 
system has been suggested. This is 
merely conjecture and no evidence exists 
that tliis is so. The possibility of its oc- 
currence seems remote, 

BACTEIUCroAL ACTION OF 
ALKALIS 

Cross infection from patient to patient 
by means of the anesthesia apparatus is 


a problem which has not been satisfac- 
torily solved, This danger may be elimi- 
nated by cleaning tubing, masks and 
connecting pieces thoroughly after use, 
Tliey are readily detached for this pur- 
pose. The canister containing the ab- 
sorbent is not easily cleaned. Autoclav- 
ing is not desirable because of the pos- 
sibility of disturbing the absorptive 
power of soda lime or Baralyme. 'Iliere 
is strong evidence that no transmission 
of bacteria occurs from the absorbent. 
In the laboratory Stoval, Adriani and 
others have shown that there is no trans- 
mission of organisms heavily contami- 
nated with colon, tubercle and other 
bacilli. The highly caustic nature of the 
agent and tlic heat formed during absorp- 
tion possibly have a germicidal effect. 
One can, therefore, use a canister on suc- 
cessive cases without fear of transmitting 
bacterial infection should unsuspected in- 
fection be present. Obviously, whatever 
germicidal properties soda lime may pos- 
sess are of no benefit in preventing bac- 
teria on breathing tubes, on valves or 
otlier portions of the inlialer from pass- 
ing througli. Magath showed tliat awater 
trap interposed between the mask and 
the canister fillers bacteria. However, the 
water trap was found to be impractical 
because it was cumbersome and intro- 
duced resistance. In suspected cases of 
contamination it is necessary to sterilize 
the entire inhaler and, in the interest of 
safely, to discard the soda lime. 
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AIR 

CoMPosmoN 

T ables of the composition of air fre- 
quently vary. Discrepancies are due 
to variations in methods of analysis or 
methods of expression of quantities. 
The composition of air expressed as 
per cent by weight differs from that in- 
dicated by per cent by volume. If ex- 
pressed by weight, the nitrogen content 
of dzy air is 75.53% and that of oxygen is 
23.02%, instead of 78.03% and 20,99%, by 
volume respectively, The composition in 
volumes per cent of this complex mix- 
ture is summarized in Table 1.6. iTie ele- 
ments, argon, neon, helium, krypton, and 
xenon, usually referred to as ihe rare 
gases, occur in very minute amounts. 
The rare gases were once believed to be 
essential to life. This conclusion was 
drawn from an incorrectly performed 
experiment in which exhaled carbon di- 
oxide was not removed and killed the 
animals under observation. 


TABLE I.G 

The CoiiPosiTioN of Air in Volumes 


Nitrogen. , . 

Oxygen 

Argon 

Carbon Dioxide 
Hydrogen.. . 

Neon 

Helium. . . . 

Kr^-plon ..... 
Xenon 


78 . 03 % 

20 . 05 >% 

0 . 03 % 

0 . 03 % 

0 . 01 % 

0 . 0015 % 

0 . 0005 % 

0 , 000005 % 

O.OpOOOOG% 


Ozone (Oj) is frequently present in the 
air in minute amounts ^ter thunder- 
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storms. It also forms wlien electrical 
equipment sparks. Dust and bacteria 
may also be present in amounts which 
vary with the locality. The moisture con- 
tent of air is extremely variable. 

Properties 

The density of air is 1.84 gms. per 
liter. The molecular weight is 29.97; the 
specific heat 0.24 calories per gram. The 
solubility in water is 2.0 ml. per 100 ml. 
at 20®C. The relative viscosity compared 
to water at 20®C. is 0.018. Air may be 
liquefied. The critical temperature is 
— 14PC. at 37 atmospheres. Liquid air 
is bluish in color. It possesses some mag- 
netic quah'ties due to the fact that oxy- 
gen is paramagnetic. 

Liquid Am 

Liquid air is the chief source of com- 
mercial oxygen, nitrogen, and some of 
the rare gases. Commercially it is pre- 
pared by pressure and cooling. The com- 
pression of air to a liquid results in a 
considerable shrinkage of volume. One 
cubic foot of liquid air produces 792 
cubic feet of free air at atmospheric 
pressure (20°C. and ordinarj’ room tem- 
perature). The cooling during the lique- 
faction processes is due to the Joule- 
Thomson effect. Air, at 100 atmospheres 
pressure and ordinary temperature, when 
alloxved to re-expand to one atmosphere 
pressure, becomes approximately 25®C. 
cooler. Air must be cooled in order to be 
liquefied by pressure because the critical 





186 


Chcmistni and Physics of Ancslhcsia 




-0 


Fig. 1,6. Liquid Air Macliinc (Linde). Air 
under pressure enters into tube A and re* 
evpands passing through the nozzle D, becom- 
ing cooled during the reexpansion. Tlie cooled 
air moves upward and out tlirough C causing 
tube A to become cooled. Tlius each succeed- 
ing volume of Incoming air is cooled by that 
going out. Eventually a temperature is oUained 
in the s)stem at wliich air liquefies. Liquid ac- 
cumulates at D. 

tenTperaUiies o£ tbc gases composing it 
are far below room temperature. Liquid 
air boils at such a low temperature that 
the ordinary methods of cooling are in- 
elTective for liquefaction. The cooling is 
accomplished by allowing compressed 
air to pass through a narrow orifice. As 
it does so it becomes cooled. Tlie cooled, 
expanded air is then guided around tlie 
inlet for the incoming gases. Hiese are 
cooled in turn (Fig. 1.6). Ultimately, the 
incoming gases are cooled to a tempera- 
ture at which they are liquefiable by 
pressure. 


Two processes arc in use in the manu- 
facture of liquid air-lhe Linde and the 
Claude. In the Linde process a pressure 
of 200 atmospheres is necessary to ac- 
complish liquefaction, since the cooling 
must be obtained by allowing the com- 
pressed air to re-c.\pand to atmospheric 
pressure. In tlie Claude process the air is 
compressed and is allowed to pass 
through an orifice into a cylinder head to 
work a piston. The expanding gas acts 



NITROGEN OXYGEN 


Fig. 2.6. Nitrogen is more volatile than oxygen 


Upon tlie piston and compresses addi- 
tional fresh air. Tlie cooling is thus ob- 
tained in two ways; by the Joule-Thom- 
son effect, as in the Linde process, and 
by performing external work by com- 
pressing the piston. Liquefaction is ac- 
complished at 30 atmospheres pressure 
and in a shorter time by tliis process. 
When liquid air evaporates nitrogen 
boils off first; the o.xygen boils off after- 
ward. (Fig. 2.6.) 
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OXYGEN 

History 

Oxygen was first prepared by Stephen 
Hales in 1727, but he did not recognize 
it as an element. The gas was later iso- 
lated again by Priestly in 1774 from mer- 
curic oxide and by Scheele in 1775, each 
man working independently of the other. 
Lavoisier duplicated Priestlys experi- 
ments and noted that the element com- 
bined with sulphur, carbon, piiosphoms, 
and other non-metals. The combination 
of oxygen with other substances was be- 
lieved by Stahl (1717) to be due to the re- 
lease of phlogiston, which was contained 
as an invisible weightless substance in 
combustible materials. The residue or 
ash was supposed to be the original sub- 
stance minus the phlogiston. The phlo- 
giston theory retarded tlie studies and 
discovery of oxygen. 

Properties 

Oj^'gen is tasteless, colorless, and 
odorless. Tile gas condenses to a liquid 
at — 119®C. at 50 atmospheres pressure. 
Tile liquid boils at — 18§®C. at ordinar)’ 
atmospheric pressure. The boiling point 
is higher than that of nitrogen (Fig. 2.6). 
The specific gravity of the gas (air=l) 
is 1.105. The specific gravity of liquid 
oxygen is 1.14. The density of the gas 
is 1.429 gm. per liter at standard condi- 
tions. The liquid may be cooled to a 
solid which melts at — 218'’C. The spe- 
cific heat of the gas is 0.0003 calories per 
ml. and 0.22 calories per gram. The mole- 
cule of oxj’gen is diatomic under ordi- 
naiy' circumstances and has a molecular 
weight of 32 (H = 1.006). Tlie atoms are 
held together by a double bond. Oiq'gen 
possesses several isotopes. The relative 
viscosity is 0.020 at 20^C. compared to 
water. Solubilities are listed later on. 


REACmTTY 

The element is highly reactive and 
combines with many elements to form 
oxides, peroxides and suboxides. It has a 
negative valence of two. Oxygen sup- 
ports combustion but cannot be ignited. 
Oxidizable substances such as cloth, 
wool, or rubber must be present for oxi- 
dation to occur. If an electric current is 
passed through oxygen, ozone (Os) forms 
in small amounts. 

Preparatio.v 
From Peroxides 

Oxygen was originally prepared for 
medical purposes by interacting fused 



Fic. 3.6. The "oxone" generator used to gen- 
erate oxygen for clinical use from sodium per- 
oxide. {Cottriestj of Richard Foregger, P/i.D.) 

sodium peroxide with water in a device 
knowm as the "oxone” generator (Fig. 
3.6). The following reaction illustrates 
Its formation; 

2Na:02 4- 21120 -» 4XaOIi + Oj t 
Even on a small scale this method of 
preparing ox^’gen is cumhersome and ex- 
pensive. 

The modem commercial method of 
preparation is by fractional distillation 
of liquid air. Nitrogen, which boils at a 
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higher temperature thai\ oxygen, evapo- 
rates and liquid oxygen remains as a 
residue. 

By E?cctroIysis 

A less popular method employs elec- 
trolysis. An electric current is passed 
through water containing a trace of min- 
eral acid which facilitates conduction. 
O.xygen, which is electronegative, col- 
lects at the anode and hydrogen, which 
is electropositive, at the cathode. Tin's 
method is usually used to malce hydro- 
gen. O.xygen is merely a by-product but 
is collected, nevertheless. Tlie reaction 
may be expressed as follows; 

211*0— 2lh + Ot 

It can be seen that two volumes of 
hydrogen form for each volume of oxy- 
gen. This equation Is used to illustrate 
the law of definite proportions. 

By the LeBrin Process 
An older process known as the Le- 
Brin process was first used to prepare 
oxygen from atmospheric air. Barium 
oxide (BaO) is heated in air to red heat 
(SOO^C.) to form barium peroxide (BaOj). 
The oxygen is then liberated by raising 
the temperature to 800°C. Barium pe- 
roxide healed strongly to a while beat 
decomposes into the barium oxide and 
oxygen. The process is then repeated as 
often as desired. The reaction is as fol- 
lows: 

2Ba0-f0,i=;2Ba02 
Laboratory Methods of Preparation 
Numerous laboratory methods for the 
preparation of oxygen are available but 
are of no practical or commercial value. 
The most common laboratory method of 
preparation is to heat potassium chlorate 


in the presence of a catalyst, such as 
manganese dioxide. 

Heat 

2KCI0, +-»2KCI-f 30j 
Mercuric oxide, HgO, may be heated to 
form mercury and oxygen. Priestly lib- 
erated oxygen from mercuric oxide by 
concentrating the sun’s rays upon it with 
a magnifying glass. 

Iloat 

i 

2IIgO -f-» 211^ -}- 0, 
SoLUniLlTY 

Oxygen possesses a certain degree of 
water solubility. Tin's fact is of extreme 
importance in physiology. At 0®C., the 
water solubility is 4.9 ml. per 100 ml. 
Were it not for this water solubility, 
aquatic life would not survive. The solu- 
bility of most gases decreases as the 
temperature rises. Oxygen is no excep- 
tion to this nile. At 20*C., 3.1 ml. dis- 
solves per 100 ml.; at 40®C., 2.3 ml. In 
blood, oxygen exists in two forms— com- 
bined with hemoglobin in the cell, and in 
simple solution in the plasma. The 
amount in simple solution in plasma is 
less than one would find in pure water 
under similar conditions because of the 
presence of electrolytes and other dis- 
solved substances. The amount dissolved 
in blood when the partial pressure of 
o:^gen in the alveoli is 100 mm. Hg and 
an equilibrium exists between arterial 
blood and alveolar air is 100/760 of 2.3 
ml., or 0.3 ml. per 100 ml., assuming the 
solubility in. the plasma to be the same 
as in distilled water. Tlie actual solu- 
bili^ of o: 9 'gen in arterial blood of a 
subject breathing air is 0.24 ml. per 100 
ml. at 37°C. The dissolved oxygen in 
blood amounts to approximately IZ of 
the total content. Each molecule of 
hemoglobin combines with as many as 
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four molecules of oxygen (see Chap. 28). 
The reaction is expressed as follows: 

Hb* + HbiOs 

The ferrous iron in hemoglohin is hexa- 
covalent. It, thus, is able to combine with 
six atoms. Four of these links are uti- 
lized for attachment to the nitrogen 
atoms of the porphyrin ring, one to the 
globin and one for the oxygen atom. The 
oxygen, thus, is stabilized and cannot act 
as an oxidizing agent to convert the iron 
to the ferric state. 

Transport in Blood 

One gram of hemoglobin combines 
with 1.34 ml. of oxygen. Inasmuch as the 
normal hemoglobin content averages 15 
gm. per 100 ml, of blood, the usual oxy- 
gen content of arterial blood averages 
approximately 19.3 volumes per cent. 
Venous blood contains less oxygen than 
arterial although the amount varies with 
the tissue from which the blood returns. 
If 100% oxygen is inhaled the partial 
pressure in the alveoli is increased ap- 
proximately four times. The portion 
which combines with hemoglobin is very 
slightly increased since hemoglobin is 
normally 95% saturated. However, the 
amount dissolved in plasma is increased 
approximately four times. This increased 
solubility in plasma assumes importance 
in certain diseases, as for example an- 
aerobic infections, where it is advan- 
tageous to saturate the tissues with the 
gas. The total content is raised to ap- 
proximately 22.2 volumes per cent. This 
increase of 10 to 15% is due almost en- 
tirely to the increase in dissolved oxy- 
gen. 

Medicinal versus Commercial Oxygen 
0;^’gen is available in two grades, 
medicinal and commcrcifll No signifi- 


Inorganic Gases 

cant difference exists between medicinal 
oxygen and commercial oxygen if the 
latter is pure. Oxj'gen for acetylene 
welding must be 99.3% pure to be effec- 
tive. The U.S.P. requires that oxygen for 
medicinal purposes have a minimum of 
982 oxygen. The remaining gas is usually 
nitrogen. 

Storage 

Oxygen, as stored for use in anesthesi- 
ology, is a gas compressed to a pressure 
of approximately 2000 lbs. per square 
inch in cylinders of varying size. Since 
mygen hquefies at a high pressure and a 
low temperature, it exists as a com- 
pressed gas in storage cylinders. Liquid 
oxygen is now being introduced into 
clinical medicine to permit the transport 
of quantities in bulk for piping systems. 
The L’quid is transported to the point 
of utilization and stored in open thermos 
jugs. These thermos containers consist of 
a double walled, steel, evacuated con- 
tainer. The evaporating gas is used to 
fill cylinders in plants where the gas is 
used in large amounts or it is fed directly 
into pipe line systems. About 5% of the 
liquid is lost by evaporation each day. 
These jugs must be left open to avoid 
building up an excessive pressure in the 
container which would result if they 
were sealed. This loss goes on irrespec- 
tive of whether or not the gas is being 
used. 

Analytical Methods 
Physical 

The quantitative estimation of oxygen 
is of importance in clinical medicine, 
particularly in inhalation therapy. Tlie 
simplest method of quantitative analysis 
embodies the use of the Beckman 
Analj'zer which utilizes the Pauling prin- 
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ciplc. This is based upon the fact tliat 
oxygen is paramagnetic. This is a physi- 
cal nictliod which is described in detail 
in Chapter 7. 

Chemical 

Although a number of chemical meth- 
ods are available, the analysis of mixed 
gas samples is best accomplished by use 
of the Orsat type of apparatus. Samples 
of 50 to 100 ml. may be determined to an 
accuracy of 0.1%. Methods of combustion 
are sometimes used, but not for clinical 
purposes. The analysis of gases in bqnids 
is best accomplished either liy using the 
volumetric apparatus of Van Slyke or the 
manomctric apparatus of Van Slyke and 
Neill or the Scholander apparatus. 

The quantitative estimation of o.xygen 
for clinical purposes, particularly in 
tents, does not require the usual pre- 
cision and degree of accuracy required 


of laboratory and research studies. Accu- 
racy is to a certain extent sacrificed for 
simplicity. Besides the Beck-man Ana- 
ly'zcr tlie usual apparatus for oxygen 
estimation for clinical use is of the Orsat 
type (Fig. 4.6) with a burette of 10 cc, 
capacity and one absorption pipette. 
Water or mercury is used as the displac- 
ing medium. Tlie absorption pipette is 
filled with one of the oxygen-absorbing 
reagents which is described below. Be- 
sults are expressed in volumes per cent. 
Some analyzers are constructed xWth a 
syiinge-type of burette in which the glass 
plunger acts in place of the displacement 
medium. 

Ausoannxe Reagents 
Winhiers Solution 

Tlic chemicals in the reagent combine 
with the oxygen to form nonvolatile 
substances so that a shrinkage of volume 



Fic. 4.6. (a) Shows a simple appa- 
ratus for the \olumetric anabsis of 
oxygen. The sample is drawn into 
burette A through inlet B by lower- 
mg the Ie\cl bulb C until £ and 
are at the same level at the zero 
point, (b) Shows the sample being 
transferred to the absorption pi- 
pette through stopcock D by rais- 
ing the leveling bulb C. Tlie reagent 
H is displaced to the outer con- 
tainer of the absorption pipette. 
The copper wire screen I is neces- 
sary if tlie copper-ammonia reagent 
is used. At the completion of the ab- 
sorption tlie reagent in the absorp- 
tion chamber is drawn to the zero 
point J, E and Ej are adjusted to 
the same level to have the residual 
gas at atmospheric pressure. 


h 
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occurs. One of the most commonly used 
chemical absorbents in pyrogallic add 
(1, 2, 3 trihydroxybenzene). Hydrosy- 
benzenes are phenols. Phenols, as a rule, 
are readily oxidized to substances known 
as quinones. These are dark bro\vn and 
are objectionable because of their tend- 
ency to stain furniture and utensils. Py- 
TOgallic acid is used in the form of Wink- 
lers Solution. This is prepared by dis- 
solving 50 grams of the acid in 100 ml. 
of 302 aqueous potassium hydroxide 
solution and allou'ing it to stand over- 
night away from air. 

Badgers Solution 

Another commonly used reagent, par- 
ticularly adaptable for clinical use, takes 
advantage of tbe ease in which copper 
and certain cuprous compounds combine 
with oxygen. Copper forms two series of 
compounds— those yielding derivatives 
\vith a monovalent ion (cuprous com- 
pounds (Cu*), and those yielding com- 
pounds with a divalent ion (cupric 
compounds (Cu**^). The cuprous ion is 
colorless but in the presence of air and 
moisture is converted to the cupric ion 
which is blue. Various hydroxides form 
in this oxidation which are soluble in 
ammonium hydroxide and form complex 
copper-ammonium ions [Cu(NH3)il**— 
(cupric telramine ion.) Metallic copper is 
oxidized to cupric oxide if exposed to 
oxygen. The oxide is dissolved from the 
surface by ammonium hydroxide which 
converts it to the cupric ammonium 
complex. Badgers Solution is the prepa- 
ration most commonly used. This con- 
sists of a mixture of half-saturated am- 
monium hydroxide solution saturated 
with ammonium chloride. A copper 
screen, designed to have as e-xtensh-e a 
surface as possible, is placed in Uie ab- 
sorption pipette. Tlie sample is drawn 
into tlie pipette and exposed to the cop- 


per screen which is quickly oxidized by 
the oxygen. The solution, which is color- 
less when freshly prepared, soon turns 
blue due to the formation of the cupric 
ammonium ions. Copper solutions are 
wdely used clinically for oxygen ab- 
sorption because they are stable, easy to 
handle, cheap, efficient, and non-destruc- 
tive if spilled. 

Hydrosulphites 

A third type of reagent is based upon 
the fact that sulphites are easily con- 
verted to sulphates by oxj’gen. Sodium 
hydrosulphite, or sodium sulpho>ylate 
(NasSsOi), is Oxidized to sodium bisul- 
phite and sodium bisulphate by oxygen 
in the presence of moisture. 

XatS 204 + 20,-1- H,0 -» XafISO, 
XaHSO* 

The reagent is a grey-white powder 
which is dissolved in sodium hydroxide 
solution (10 gm. in 50 ml. of 1.0 N 
solution). Sodium anthraquinone beta 
sulphonate, which is often added as a 
catalyst to facilitate the reaction, imparts 
a red color to the solution. When the 
sodium hydrosulphite is completely con- 
verted to the oxidized products the color 
of this solution turns j'ellow due to the 
fact that the solution becomes acid in 
reaction. This reagent is tbe one most 
satisfactory for use in the Van Slyke ap- 
paratus for anaU-zing oxygen in blood 
and body fluids. 

O.TYGEX Tension In Tissues 

0:^’gen tension in the tissues may be 
determined by use of polarographic 
methods. Polarographtj is essentially 
eIectroI}’Sis of dilute solutions containing 
reducUble or oxidizable substances. 
When a voltage is applied to electrodes 
immersed in a solution containing o\y- 
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gei), the oxygen is tcducod, that is, it 
takes up electrons. The transfer of elect- 
rons is a function of the amount of cur- 
rent flowing which depends upon the 
oxygen concentration. This voltage is 
measured by a galvanometer and trans- 
lated into terms of oxygen tension. (See 
Chap. 36.) 

OxiMcmy 

Blood oxygen saturation may be de- 
termined on a moment to moment basis 
using tlic ear oximeter devised by Milli- 
kan. This apparatus, also called the Oxy- 
hemograph, operates as follows: 

A lamp of constant intensity delivers 
red light through the pina of the car. 
Oxyhemoglobin absorbs red light whose 
wave length is 6-iOO A. Reduced hemo- 
globin absorbs none. Both ovylicmoglo- 
bln and reduced hemoglobin absorb rod 
light whose wave length is 8000A, how- 
ever. Therefore, a light source which 
provides red light of both wave lengths 
is used. The rays of light traverse the 
pina and, after passing through appro- 
priate fillers, fall on two separate photo- 
electric cells each of which responds to 
6400 A wave length and the 8000 A re- 
spectively but not to the other. The ratio 
of the amount of transmission of each 
type is measured by determining the de- 
gree of electrical activity set up in each 
photoelectric cell with galvanometers. 
This ratio is translated into terms of 
percent saturation. Tliis device merely 
indicates changes from a control level 
and is not suitable for establisliing abso- 
lute values. The apparatus must be 
standardized using the Van Slyke or 
Scholander gas analyzer. The percent of 
error is appreciable when the skin is 
heavily pigmented, when blood o^gen 
values are low and when blood flow 
tends to be variable or slow. 


Diffusion 

Coryllos and Birnbaum, and otlier 
workers subsequent to them, found that 
osygen rapidly diifuses from the alveoli 
of a lung lobule which has its bronchus 
occluded. Nitrogen and helium and other 
inert gases diffuse far more slowly un- 
der similar circumstances. Oxygen dif- 
fuses in 15 minutes in contrast to nitro- 
gen which requires 16 hours under com- 
parable conditions. 

OxvcEN Toxicity 

The inhalation of oxygen rich mix- 
tures over long periods of time— 24 to 36 
hours or more— causes pulmonary irrita- 
tion and other symptoms of toxicity. The 
inhalation of o.xygen under pressure re- 
sults in serious symptoms such as dis- 
turbances of sensorium, disorientation 
and coninilsions within 30 minutes or 
sooner. The exact mechanism of causa- 
tion is not understood. Presumably the 
elevated plasma oxygen level, which at 
5 atmospheres may be 6 volumes per- 
cent, or more, meets the metabolic oxy- 
gen requirement. The amount of oxygen 
released from hemoglobin, therefore, Is 
only a fraction of that which occurs at 
atmospheric pressure. The hemoglobin, 
therefore, has less capacity for carbon 
dioxide transport. The carbon dioxide 
tension in tissues and plasma is in- 
creased. This in turn increases the blood 
flow through the brain. Possibly the ex- 
cess oxygen also interferes with enzy- 
matic activity in the brain. 

NITROGEN 

History 

Nitrogen was first isolated by Daniel 
Rutherford in 1772. Nitrogen is an inert 
clement which combines witli other ele- 
ments with difficulty and under unusual 
circumstances. For this reason, it is a 
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valuable diluent and quenching agent 
for anesthesia. 

Preparation 

Commercially, nitrogen is prepared 
by the fractional distillation of liquid 
air. Actually it is a by-product of the 
manufacture of oxygen. Nitrogen passes 
off first since it is more volatile than 
oxygen (B.P. --193° C.) The gas may be 
prepared in the laboratory by heating 
ammonium nitrite. 

KHiNOj + Heat Ni T -b 2HiO 

Nitrogen requires a high pressure and a 
low temperature for liquefaction. It, 
therefore, is dispensed as a compressed 
gas in storage cylinders and not as a 
liquid. The critical temperature is 
— 147°C. and the critical pressure is 33 
atmospheres. 

Properties 

The gas is tasteless, colorless and 
odorless. The atomic weight of nitrogen 
is 14.003. At least t'lvo isotopes of nitro- 
gen exist. The molecule is diatomic, 
therefore, its molecular weight is 28.016. 
The two atoms are held together by a 
triple bond which accounts for its in- 
ertness (:N:::N;) The gas is lighter than 
air and has a specific gravity of 0,967 
{air=l). The density is 1.205 gm. per 
liter at standard conditions. Tire specific 
heat is 0.0003 calories per ml. and 0.25 
calories per gram. The relative viscosity 
compared to water (1,0) is 0.017 at 20'’C. 
The liquid solidifies at — 209.8°C. 

Reacti\tty 

Nitrogen unites with other elements 
with difficulty. The nitrogen atom has a 
small radius. The electrons approach the 
niicleus closely and are, therefore. 


strongly held to it. A molecule of nitro- 
gen exerts little attraction on neighbor- 
ing molecules. As a result nitrogen lique- 
fies and solidifies at a very low tempera- 
ture. It is superseded only by hydrogen 
and helium in this respect. 

Nitrogen combines with hydrogen to 
form ammonia if an electric spark is 
passed through a mixture of the gases at 
high pressure. Nitrogen also combines 
with o^gen under the influence of pres- 
sure and electric sparks to form a mix- 
ture of oxides. Five oxides of nitrogen 
are possible. Nitrogen monoxide, or ni- 
trous oxide, the lowest member of the 
series and the least toxic of the five, is 
well Jcnoivn for its anesthetic properties. 
Tlie oxides of nitrogen are anhydrides of 
various acids. Nitric oxide (NO) is a 
poisonous substance which is of interest 
because it may be present as an impurity 
in nitrous oxide. Nitric oxide combines 
with water to form a mixture of nitric 
and nitrous acids. Nitrogen tetroxide 
(N*0«) is a brown gas which forms when 
nitric oxide combines with oxygen. Nitric 
oxide, which is a colorless gas, forms 
when nitric acid reacts with metals. The 
gas combines with the oxygen in air to 
form the brown nitrogen tetroxide. Ni- 
trogen trioxide (NzOa) is the anhydride of 
nitrous acid (HNOs). Nitrogen pentoxide 
(NsOj) is the anhydride of nitric acid 
(HNOa). The o.xides of nitrogen, there- 
fore, with the exception of nitrous oxide, 
are e.xtreraely toxic, acid-forming sub- 
stances, and of no clinical value. If in- 
haled, the}'^ react ivith the ivater in the 
tissues to form their respective acids 
which irritate the pulmonary epithelium. 

DisnuBunoN in Cells 

Nitrogen is an essential element as far 
as life is concerned since it is a necessary 
constituent of proteins and other body 
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substances. However, it can only be ob» 
tained from tlie atmosphere through the 
action of nitrifying bacteria or by plants 
able to convert atmospheric nitrogen 
into organic nitrogenous products. At- 
mospheric nitrogen, even though it is 
inert, is essential as a diluent for oxygen. 
The inhalation of high concentrations of 
oxygen for protracted periods produces 
signs of toxicity. 

DisTnmuTioN in the Body 

Nitrogen plays an important part in 
physiology and anesthesia. At 0*C. and 
760 mm. Ilg pressure 2.4 ml. dissolve 
per 100 ml. of distilled water. The solu- 
bility of the gas decreases as the tem- 
perature rises. Nitrogen, because of its 
small attraction for other molecules, as 
one would predict from tliis fact, is poor- 
ly soluble. Enough dissolves in tlic blood 
plasma (1.28 ml. per 100 ml. of water at 
37'^C.) and body tissues to require con- 
sideration in anestliesia and inhalation 
therapy. Nitrogen docs not combine with 
any particular substances in the blood 
or tissues. It exists in simple solution 
only. Tlie diatomic molecules character- 
istic of the gas persist even into the 
liquid and solid phases. Tlie solubility of 
mlxQgfin. in- lipoids is greater than it is 
in water. The coefBcient of distribution 
between oil and water at 37°C. is 3.24. 
The amount which dissolves in the tis- 
sues at increased atmospheric pressure 
is directly proportional to the atmos- 
pheric pressure, according to Heniy's 
Law. Tlie sudden release of this pressure 
decreases the amount in solution. The 
gas escapes from the tissues and body 
fluids and forms minute bubbles giving 
rise to aeroembolism. These bubbles ac- 
cumulate in blood and tissues and pro- 
duce serious sjTnptoms knoivn as the 
“bends.” The severity of the symptoms 


depends upon tlie magnitude of the 
pressure and the duration of the ex- 
posure. The longer the exposure the 
greater the amount of gas which dis- 
solves in the tissues. Tlie sjTnptoms are 
more severe in the obese. Symptoms do 
not appear if tlie pressure is less than 2 
atmospheres. In addition, nitrogen un- 
der increased pressure acts as a narcotic 
because it is inert and a considerable 
amount dissolves in tlie lipoid material 
of the cells (see Helium). 

Dcsatuiution of Tissues 
Certain anesthetic gases such as 
nitrous oxide and ethylene require high 
p.irtial pressures in blood and tissues to 
be eifective. Effective concentrations in 
the cells can only be obtained by elimi- 
nating the nitrogen. Tlie nitrogen in 
blood and alveoli is eliminated by wash- 
out within two minutes (Chap. That 
which is present in tissues is slowly lost. 
Complete desaturalion may require 
seven or eight hours. Therefore, even 
though the blood is almost completely 
desaturated, the tissues are not neces- 
sarily so. Tlie replacement of the nitro- 
gen of tlie blood by the gas is referred 
to as “primary saturation." The replace- 
ment of tlie tissue nittogpri hy tJiG gfis 
is known as "secondary saturation.” The 
technique, referred to as "secondary sat- 
uration,” which was once employed to 
maintain nitrous oxide anesthesia, is es- 
sentially an attempt to desaturate the 
tissues of their dissolved nitrogen. After 
anesthesia is established with a nitrous 
oxide-oxygen mixture, the patient is 
made to inhale 100^ nitrous oxide and to 
exhale through an expiratory valve. This 
increases the partial pressure of nitrous 
axide in blood and favors the diffusion of 
the nitrogen from the tissues, and con- 
versely the diffusion of nitrous oxide 
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into the tissues. Oxygen and nitrous 
oxide-oxygen mixtures are restored when 
respiratory failure from anoxia appears 
imminent. Nitrogen desaturation is also 
employed in inhalation therapy to in- 
crease the partial pressure of oxygen in 
tissues by inhalation of 100% oj^’gen. 
Nitrogen diffuses outward into the blood 
and to the lungs, and thence to the out- 
side air, while oxygen diffuses into the 
tissues. This procedure is employed for 
the attempted prevention of aeroembol- 
ism in the treatment of anerobic infec- 
tions, in attempts to decompress hollow 
viscera of contained nitrogen, and in 
other clinical conditions ^vhere the re- 
moval of nitrogen from tissues is ad- 
vantageous. 

An isolated lung lobule filled with 
nitrogen whose bronchus has been oc- 
cluded requires approximately 16 hours 
for the nitrogen to diffuse into the blood 
and for complete deflation of the lobule. 
Under similar circumstances, oxygen dis- 
appears in 15 minutes. The use of nitro- 
gen as a diluent for quenching purposes 
is described in Chapter 32. 

Analtocal Methods 

The quantitative analysis of nitrogen 
by chemical methods is not a simple 
matter by any means. Usually It is meas- 
ured as a residual gas. In other words, 
all the other gases in a mixture are ab- 
sorbed and those which remain are pre- 
sumed to be nitrogen. A mixture of 
cyclopropane, oxygen, carbon dioxide 
and nitrogen can be analyzed on the 
Orsat, Appropriate absorbents are avail- 
able for all the gases except nitrogen 
which remains after the others are ab- 
sorbed. Nitrogen in blood is determined 
on the Van Slyhe as a residual gas after 
carbon dioxide and oxygen are absorbed. 

Certain physical methods of analysis 


are available. Tlie nitrogen meter (Chap. 
7) is a physical method of analysis based 
upon the fact that nitrogen glows with 
a bright orange pink color if e.xposed to 
sufficient electrical excitation. The spec- 
tral region is between 3100-4800 A. 
A filter interposed between the discharge 
tube and the photoelectric-cell isolates 
this band. This device has a fast response 
so that moment to moment analysis is 
possible. 

Nitrogen may also be analyzed by 
means of the gas chromatograpli and the 
mass spectograph. 

NITROUS OXIDE 

HrSTOKY 

Nitrous oxide, or nitrogen monoxide, 
is the least toxic and irritating of the 
five oxides of nitrogen. The substance 
was first identified by Priestly in 1772. 
Its anesthetic properties were first dem- 
onstrated by Sir Humphrey Davy in 
1799. Nitrous oxide is the most exten- 
sively used inorganic gas of clinical im- 
portance for anesthesia in man. 

Properties 

The emperic formula of nitrous oxide 
is NsO. The lowest valence of nitrogen 
is utilized. Its molecular weight is 44.02; 
its specific gravity 1.527 (air=l). Ni- 
trous oxide is a colorless gas xvifh a 
slightly sweet odor and taste. The gas is 
non-irritating uben inhaled. Nitrous 
oxide compresses at 50 atmospheres 
pressure at 28°C. to a clear, colorless 
liquid. The liquid has a specific gravity 
of 1.226 at its boiling point ( — 89°C.). 
The liquid freezes into a solid at 
— I20°C. The critical temperature is 
— 89^0., tlie critical pressure is 72 at- 
mospheres. The specific heat is 0.0004 
calories per ml, and 0.21 calories per 
gram of gas. The viscosity is 0.014 be- 
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ing less viscous than air (II 2 O — 1.0 at 
20°C). 

STAnrury 

Nitrous oxide is stable under ordinary 
circumstances. The gas does not decom- 
pose or polymerize in the compressed or 
liquid state if it is stored for any lengUi 
of time at ordinary temperatures. The 
substance decomposes into nitrogen and 
oxygen at 900®C. The gas is stable in 
the presence of soda lime mixtures and 
Baralyme used for carbon dioxide ab- 
sorption. 

SoLUniLITY 

Nitrous oxide is very soluble in water. 
At 20®C. and 7G0 mm. Hg, 1.5 volumes 
dissolve in 1 volume of water. At 37.5*C., 
0.44 volumes arc soluble per unit volume 
of water; in blood, 0.47 volumes per unit 
volume; and in oil, 1.40 volumes per 
unit volume. The oil/walcr distribution 
coefficient at 37.5^C. is 3.2 and the oil/ 
blood distribution coefficient is 3.0. The 
gas is very soluble in alcohol. During 
surgical anesthesia, the required inspired 
concentration of nitrous oxide is between 
85 and 92 volumes per cent. 

Nitrous oxide is the anhydride of a 
hypothetical substance^ hvponilrous acid 
(HjNjOa). This acid is of Uieoretical in- 
terest. It does not form under ordinary 
circumstances, as when nitrous oxide is 
dissolved in water. Solutions of nitrous 
oxide are neutral to litmus and other in- 
dicators. 

Blood Concentbation 

The blood concentration in man dur- 
ing surgical anesthesia varies but aver- 
ages approximately 23 volumes per cent. 
Tlie data of various observers are not in 
agreement due to differences in analyti- 
cal methods. Cullen and his associates. 


using the Van Slyke apparatus and the 
method of Orcutt and Waters for analy- 
sis, found the average nitrous oxide con- 
tent of blood of patients breathing a 
mixture 76^-80!? of the gas with oxygen 
at 760 mm. Ilg to be 29 volumes per cent. 
The average nitrous oxide content of 
blood rose to 30 volumes per cent when 
the nitrous oxide content in Uie inspired 
mixture was increased to 857-88%. 

PnCPAnATlON 

Nitrous oxide is not easily formed by 
direct combination with oxygen because 
nitrogen is an inert element, except im- 
der unusual conditions. High pressure 
and the presence of catalysts are neces- 
sary for direct union. The combination 
of nitrogen with oxygen to form nitrous 
oxide is an endothermic reaction. 

The most common, and simplest, 
method of preparation, and tl^e one used 
commercially involves gentle decompo- 
sition of ammonium nitrate by heat, 
Ammonium nitrate crystals ere heated 
in a retort to 190*C. until a molten mass 
results. All fumes and gases formed are 
discarded before the fusion occurs. The 
temperature is then raised to 240®C., at 
which point the decomposition occurs. 
The reaction is expressed by the follow- 
ing equation: 

Heat 

NH 4 NO, + » N 2 O + 2HjO 

This method of preparation yields ap- 
proximately 95% nitrous oxide. The re- 
maining gas is mostly nitrogen and its 
various higher oxides. Priestly prepared 
small amounts of nitrous oxide by react- 
ing iron with nitric acid. In this reaction 
nitric oxide (NO), the next higher homo- 
logue to nitrous oxide, is first produced. 
An excess of iron is present which re- 
duces the nitric oxide to nitrous oxide. 

2NO -fTc -* FeO -f NiO 
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This laboratory method of preparation is 
of interest because the principle of re- 
ducing nitric oxide to nitrous oxide is 
used for purification of the product. Vic- 
tor Meyer (1875) prepared nitrous oxide 
by heating hydroxylamine. This is prob- 
ably the source of the purest product, 
but the method is not practical for com- 
mercial use because the initial ingredi- 
ents are costly. 

Storage 

Nitrous oxide is stored in heavy metal 
cylinders in liquid form at a pressure 
which varies wnth the room temperature. 
As the liquid evaporates and the gas 
passes from the cylider the temperature 
falls rapidly. Moisture in the gas or 
around the valves condenses and often 
freezes. This causes an uneven flow of 
gas. At one time this was a frequent 
source of annoyance during clinical an- 
esthesia because moisture was not en- 
tirely removed during manufacture and 
the valves often became obstructed by 
frozen moisture. 

Stability 

At temperatures above 45D®CL the 
higher oxides of nitrogen may form. Such 
temperatures may well be attained dur- 
ing liquefaction by compression. In or- 
der to obviate this possibility, compres- 
sion is carried out in three stages with 
cooling between stages. The first pres- 
sure applied does not exceed 100 pounds 
per square inch; the second, 300 pounds 
per square inch; and the final pressure, 
1000 pounds per square inch. Inasmudi 
as the product exists as a liquid in the 
cylinder and the pressure overlying the 
liquid varies with the room temperature, 
tire reading on a pressure gauge attached 
to die cylinder is no index to the quantity 
present. The actual quantity of nitrous 


oxide in a cylinder is best determined by 
weighing the cylinder and its contents 
and subtracting the weight of the cyl- 
inder. 

Absorption and Elimination 

Nitrous oxide is eliminated from the 
body unchanged, largely by way of the 
lungs. There is a possibility that minute 
traces of nitric oxide could form in the 
body. Whether or not a loose combina- 
tion occurs with hemoglobin is debata- 
ble. Suggestions of changes in the spec- 
trograph of hemoglobin have been re- 
ported. Most of the evidence supports 
no combination of the gas with hemo- 
globin. Nicoloux was unable to detect 
the gas in venous or arterial blood after 
five minutes. The drug does not undergo 
any alteration in tissues. Nitrogen in the 
lungs and blood must be replaced by 
nitrous oxide to obtain satisfactory an- 
esthesia. 

The blood concentration is reduced 
to almost zero within several minutes 
after termination of nitrous oxide anes- 
thesia. Minute amounts circulate for con- 
siderable time afterward in the blood 
but are not detectable by the oidinaiy 
methods of analysis. This comes from 
Ussues with a poor blood supply, which, 
once saturated, are desaturated slowly. 
Nitrous oxide, like many other anesthetic 
gases, diffuses very rapidly from an iso- 
lated lung lobule filled with the pure gas 
whose blood supply is intact and whose 
bronchus is occluded. It was found to 
disappear in 17 to 35 minutes. Nitrogen 
requires 16 hours under comparable 
conditions. The gas also diffuses through 
the skin of anesthetized subjects in very 
minute amounts. 

Impubities 

The present day mode of manufacture 
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and purification removes both moisture 
and impurities. Tlie gas is first scrubbed 
to remove alkaline and acid substances. 
It is then compressed in stages to re- 
move non-liquefiablc gases, such as nitro- 
gen and osygen. Passage over iron filings 
removes the higher oxides of nitrogen. 
The impurities most likely to be present 
in nitrous oxide are nitrogen, ammonia, 
the higher oxides of nitrogen-particular- 
ly nitric oxide (NO)— and moisture. 
Nitric oxide, which is the most danger- 
ous impurity, acts in two ways when in- 
haled. It may combine, as does carbon 
monoxide, with hemoglobin to form 
nitric oxide liemoglobin. This prevents 
the transport of oxygen. Before it reaches 
the blood, however, it reacts with svater 
to form nitric and nitrous acids. These 
injure the pulmonary epithelium and 
cause pulmonary edema. Nitric oxide In 
a concentration of 780 parts per million 
of air kills mice and rats in less than 30 
minutes. It has been mentioned previ- 
ously that this impurity is removed by 
passing the gas over finely-divided iron, 
whence it Is reduced to nitrous oxide. 

Detection of iMPunrriES 
Nitric oxide may be detected quabta- 
rively hy nass ing a sample of the ^as 
through ferrous sulphate solution (Fe- 
SO4). The interaction of these two sub- 
stances produces a black liquid (FeSO«- 
NO) This is a reversible reaction and 
after a time the color disappears. Like- 
wise, if other higher oxides of nitrogen 
are suspected to be present, a sample of 
the gas may be bubbled through a 15 
molar potassium iodide solution contain- 
ing a drop of glacial acetic add and 
starch solution. The higher oxides of 
nitrogen act as oxidizing agents. A blue 
color results from liberation of free 
iodine by the oxidizing action of tlie 
contaminating agent. 


Nitrogen, although an inert substance 
and not harmful per sc, reduces the effi- 
ciency of the agent by its diluting effect. 
Tlie fractional compression method of 
purifying and packing the gas is also de- 
signed to remove nitrogen since the 
latter is not liquefied at the pressures 
used. 

Flammability 

Nitrous oxide combines with addi- 
tional oxygen with utmost difficulty. 
Therefore, it is non-flammable. Nitrous 
oxide supports combustion, once com- 
bustion has been initiated. A burning 
splinter thrust into a )ar of pure nitrous 
oxide continues to bum vigorously. 
The nitrous oxide yields its oxygen to 
support combustion, Nitrous oxide sup- 
ports combustion of ether, etliylene, 
cyclopropane and other flammable or- 
ganic gases and vapors, should such a 
mixture be ignited. Oils vaporized in a 
stream of nitrous oxide under pressure 
may form explosive mixtures. Hydrogen 
mixed with nitrous oxide without oxygen 
can be exploded. 

Dctectton and Analysis 

The determination of nitrous oxide by 
chemical methods is not a simple 
matter. Nitrous oxide may be deter- 
mined quantitatively in blood and liq- 
uids by use of the manometric apparatus 
of Van Slyke and Neill. The technique 
used is similar to that for the determina- 
tion of cyclopropane and ethylene in the 
blood as described by Orcutt and See- 
vers (see Gas Analysis). The gas is de- 
termined as a residual gas. A simple 
chemical method for quantitatively 
measuring nitrous oxide in a sample of 
fixed gases was devised by Orcutt and 
Seevers. This metliod employs the diazo 
reaction. It may be used if the specimen 
contains no nitrogen. Tlie nitrous oxide 



199 


The Chemistry of Inorganic Gases 


is converted to higher nitrogen oxides 
by heating it with oj^gen in the pres- 
ence of a catalyst of hot porcelain. The 
oxide is then passed into potassium hy- 
droxide solution to form potassium ni- 
trite. The nitrite, alpha naphthylamine, 
hydrochloric acid, and sulphanilic acid 
are allowed to react together. Diazotiza- 
tion occurs and a red dye forms which 
is compared colorimetrically to a stand- 
ard prepared with a known quantity of 
nitrous oxide (see diazo reaction). Nitro- 
gen forms nitriles and interferes with 
the determination. Inasmuch as nitrogen 
is difBcult to exclude from specimens of 
gas containing nitrous oxide, the lest 
possesses limited usefulness. 

Developments in techniques of analy- 
sis of nitrous oxide will be in the line of 
physical methods. The interferometer 
has been used for the analysis of nitrous 
oxide ^vilh some degree of success. The 
gas chromatograph and the mass spec- 
trograph lend themselves to the quanti- 
tative analysis of the gas in a mixture of 
gases. 

CARBON DIOXIDE 

Th’o oxides of carbon are possible^ 
the monoxide and the dioxide. The mo- 
noxide, in which carbon has a valence of 
2, is converted to the dioxide in which 
the valence is 4. The oxidation of carbon 
is an important source of energy. Both 
oxides are important, but the dioxide is 
more important from the standpoint of 
anesthesiology, since it plays such an 
important role in biochemistr)’ and the 
pharmacology of anesthetic drugs. Or- 
ganic compounds, when completely ox- 
idized, yield carbon dioxide and water. 

Hisronv 

Carbon dioxide was first described by 
Black in 1757. The gas is a compound 
of carbon and rightfully belongs among 


organic compounds, but is usually con- 
sidered along with inorganic compounds. 

Laboratory Preparation 

Tlie laboratory preparation of carbon 
dioxide is simple. Any strong mineral 
acid added to a carbonate or bicarbonate 
releases the gas. Sodium bicarbonate and 
calcium carbonate are used for prepara- 
tion most frequently. Carbonic acid first 
forms. This is volatile and unstable and 
liberates its anhydride, carbon dioxide. 

NaHCOi + HCl — XaCl + HjO + COj 

CoMAnERClAL PREPARATION 

The most common commercial source 
of carbon dioxide is from kilns and smelt- 
ers where alkaline earth oxides, par- 
ticularly those of calcium and mag- 
nesium, are prepared from their respec- 
tive carbonates. The formation from 
limestone is as follows; 

Heat 

CaCO, ■ < CaO -b COj 

The carbonates of calcium, barium, 
strontium and magnesium are easily de- 
composed into carbon dio.xide and the 
metallic oxide by heat. The gas is then 
purified. In hcalities where no kilns are 
situated, the gas is prepared by the 
burning of coke and other carbonaceous 
substances. The gas is passed into aque- 
ous sodium hydroxide to form sodium 
carbonate which is subsequently decom- 
posed by an acid to liberate a pure car- 
bon dioxide gas. 

Vast quantities of carbon dioxide arc 
also recovered during tlie fermentation 
of grains in brewing and the manufac- 
ture of alcohol. There are a few natural 
sources of carbon dioxide, such as 
springs and subterranean caverns lead- 
ing from the earth. 

DiSTRUlimON 

The concentration of carbon dio.Tide 
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in the atmosphere is relatively minute— 
3 parts per 10,000 (0.03%). Tlie estimated 
total in tlie entire atmosphere amounts 
to 2,200,000,000,000 tons. Even though 
the concentration in the atmosphere is 
small, the quantity is sufficient to furnish 
carbon for all plant life. 

Stability 

Carbon dioxide is a very stable chemi- 
cal substance. An extremely high tem- 
perature (9.000°C.) is requhed to decom- 
pose it into carbon and oxygen. 

Solubility 

Carbon dioxide is very soluble in 
water because it combines with it to 
form carbonic acid. The solubility of 
carbon dioxide is not in accordance with 
Henry’s Law because of this chemical 
union. At 20®C, 103 ml. of the gas dis- 
solve in 100 ml. of water. The solu- 
bility in pure water at body temperature 
is 5.45 ml. per 100 ml. The solubility de- 
creases as the temperature increases. 
One gram dissolves in 300 ml. at O^C.; 
while at 25'’C. 700 ml. are required. It 
is less soluble in alcohol and most or- 
ganic solvents than in water. Carbon di- 
oxide is more soluble in lipoids than 
water (50% more). Carbon dioxide pos- 
sesses a pungent odor and in high con- 
centrations is irritating to mucous mem- 
branes. 

Propebties 

The molecular weight of carbon di- 
oxide is 44. The gas is, therefore, heavier 
than air (specific gravity 1.54, air=l). 
The relative viscosity compared to water 
is 0.015 (air— 0.018). Carbon dioxide is 
easily compressed by a pressure of 50 
atmospheres at 20°C. to a colorless 
liquid. Inasmuch as the gas possesses a 
relatively high critical temperature 


(Sl^C.) and low critical pressure (73 at- 
mospheres) it is dispensed and stored as 
a liquid in cylinders for commercial and 
medicinal purposes. The density of the 
liquid is 0.77 gm. per ml. at 20'’C. The 
liquid boils at — 78®C, The vapor pres- 
sure at 20*C. is 56 atmospheres. The 
specific heat of the gas is 0.0004 calories 
per ml. and 0.20 calories per gram of 
gas. Tliat of the liquid is 0.70 calories 
per gram. Carbon dio.xide is neutralized 
and absorbed by both u’eal: and strong 
alkalis to form carbonates. In the pres- 
ence of an excess of carbon dioxide a 
carbonate reacts to form the acid car- 
bonate or bicarbonate: 

Na-COj -f ir,COj -» 2XaHCO, 

Use fob Quenciiixc 
Carbon dioxide acts as a quenching 
agent for flammable mixtures of oxygen 
and anesthetic gases. This effect is large- 
ly due to its high molal heat capacity 
(Chap. 22). A concentration of approxi- 
mately 5% markedly decreases the range 
of flammability even if there is adequate 
ox)'gen present to maintain combustion. 
Carbon dioxide, by virtue of its ability to 
form an ionizable acid, allegedly aids in 
the conduction of electricity. Cliarges of 
static electricity were once believed to 
be more easily dissipated due to its pres- 
ence. This is true when carbon dioxide is 
present in the atmosphere in concentra- 
tions of 0.5% or more. However, the sub- 
stance is so poorly ionized that the 
amount normally present in the air plays 
little, if any, role in the dissipation of 
static charges. Some students of the 
problem of “explosions” hai'-e felt that 
there is higher incidence of explosions in 
air-conditioned operating rooms and that 
this is due to the removal of all carbon 
dioxide from the air during the process of 
deluimidification in the conditioning 
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unit. There is little evidence to support 
this. 

Analysis 

Carbon dioxide may be detected 
qualitatively in air or gas mixtures by 
passing a sample of gas through a con- 
centrated solution of filtered calcium or 
barium hydroxide. A white cloud com- 
posed of a very fine precipitate of the 
highly insoluble carbonates of calcium 
or barium appears. This is a highly sensi- 
tive test. Indicators are often used to 
determine whether or not carbon di- 
oxide is present in a sample of gas. Such 
indicators as phenol red or bromcresol 
purple change color due to the fact that 
carbon dioxide forms carbonic acid with 
water. 

Carbon dioxide may be estimated 
quantitatively in samples of gases by use 
of some absorptiometric technique in the 
Haldane, Orsat type or similar type of 
apparatus (Chap. 7). A 30% solution of 
potassium hydroxide is an effective ab- 
sorbent Small samples containing mi- 
nute quantities of carbon dioxide may be 
analyzed with the manometric apparatus 
of Van Slyhe and JVeiJJ or the Scbo- 
lander. 

The gas may be analyzed quantita- 
tively in blood and other tissue fluids on 
the volumetric apparatus of Van Slyke, 
the manometric apparatus of Van Slylce 
and Neill or by use of the Scholander 
apparatus. In the Van Slyke techniques 
the liquid is first extracted in a vacuum in 
an acid medium which decomposes the 
carbonates, bicarbonates and carbamino 
compounds. In both the volumetric and 
manometric techniques the extracted 
gases are compressed to a given volume 
and carbon dioxide is absorbed b}' means 
of potassium hydroxide. The volume of 
carbon dioxide, or volumes per cent, is 


dien calculated from the differences in 
reading before and after absorption. In 
analysis of a mixture of gases, it is cus- 
tomary to remove carbon dioxide first. 
In oxj'gen analysis, carbon dioxide must 
be removed first because reagents used 
to absorb oxygen are alkaline and absorb 
carbon dioxide along with the ojygen. 

Physical methods of detection are 
more widely employed than chemical for 
continuous sampling. The Liston-Becker 
apparatus (also Beckman-Spinco), based 
upon the fact that carbon dioxide ab- 
sorbs infrared rays, is used extensively 
in anesthesia and physiological research 
(Chap. 7). 

Cajibon Dioxide Output 
Satisfactory provisions for removal or 
escape of carbon dioxide from rebreath- 
ing appliances must be madej othenvise 
toxic responses ensue. The minute to 
minute output varies with the degree of 
activit)', metabolic rate, and respiratory 
quotient of the subject Assuming the 
respirator)’ quotient to be 1, the output 
per minute is equivalent to the o.xygen 
consumption. An adult at rest breathes 
approximately 600 liters of air, uses JS- 
20 liters of o.x)’gen and exhales approxi- 
mately 18 liters of carbon dioxide per 
hour. During anesthesia the carbon di- 
oxide output is decreased. The average 
output in an adult is 200 ml. per minute. 
The average per cent in the e.xpfred air 
may be 4 per cent or more even though 
the output is decreased because ventila- 
tion is diminished. 

Carbon Dioxide-Oxycen Mixtures 
Carbon dioxide-03^’gen mixtures used 
for inhalation therapy are prepared by 
introducing the carbon dioxide into the 
c)'linder first, and then adding the ox)’- 
gen. These mixtures are sometime re- 
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ferrecl to as a "Carbogen.” Mixtures arc 
required to bo accurate to 0.15? by the 
U. S. Pharmacopoeia. Stratification may 
occur when tiie two gases under pressure 
are mixed together. However, amounts 
up to 305? carbon dioxide may be mixed 
with oxygen without stratification at 
room temperatures. These mixtures re- 
main liomogeneous. Mixtures with more 
than 30% must l)e formed by the use of 
separate flow meters and combining the 
necessary volumes at tlie time of use of 
the mbeture. 

Solid carbon dioxide is impractical to 
use for inhalation therapy. Carbon di- 
oxide is included in the U.S.P. 

THE RARE GASES 
Chemical A cri v n r 

The group of elements at the extreme 
right of the periodic table arc often re- 
ferred to as the “rare gases." This group, 
each member of which is inert, consists 
of neon, xenon, krypton, argon, and 
helium. All are found in air and none, as 
far as is known, is essential to life. The 
atoms of these gases have no v'alence 
electrons. These substances, therefore, 
combine with no other element except 
under ver)' unusual circumstances. Tlieir 
interest in anesthesiology is due to their 
gaseous nature and their chemical in- 
ertness. Helium is used as a diluent and 
quenching agent in gas mixtures. Kryp- 
ton and xenon possess a degree of lipoid 
solubility comparable to some anes- 
thetics. 

DiSTRIBUnON 

Argon is the most abundant of tlie rare 
gases. If molecules of air u^ere to pass a 
given point at the rate of one per second 
an argon molecule would pass every two 
minutes, a krypton molecule every eight 


months, a xenon molecule every five 
years. 

The inertness of these gases is not 
absolute, however. Krypton, xenon and 
argon form unstable hydrates. Argon 
combines witli brom-trifluoride to form 
unstable compounds. In spite of their in- 
ertness they may cause some degree of 
narcosis. This property decreases in the 
following order: xenon, krj'pton, neon, 
argon and helium. 

HELIUM 

DisTniBimov 

The most frequently used of these 
gases for clinical purposes is helium 
(He). Helium was noted in the spectrum 
of the sun during an eclipse by Janssen 
in 1868. It was isolated from uranitite in 
1895 by Ramsay. Tlie name of the ele- 
ment is derived from the Greek word 
hellos which means sun. The chief source 
of helium is from the natural gases of the 
oil wells of Kansas and Texas which con- 
tain from 0.01 to 2% of the element. The 
other gases, which are chiefly hydro- 
carbons, nitrogen and oxygen, are re- 
moved by absorption, liquefaction, or 
scrubbing with water and sodium hy- 
droxide. The temperature, then, is low- 
ered to — 195°C. The helium, which is 
difficult to liquefy, remains as a gaseous 
residue. The other gases either liquefy or 
are adsorbed by activated charcoal. 
Helium is also the end-product of the 
disintegration of radium and other radio- 
active elements. 

PROPEBTIES 

Helium is the second lightest element 
known, being second to hydrogen in 
lightness. The molecule of helium is 
monatomic. The atom and the molecule, 
therefore, have the same atomic and 
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molecular weight (4.002). The atomic 
number is 2. Helium is twice as heavy as 
molecular hydrogen. The density' of 
hehum is 0.177 gm. per liter. The buoy- 
ant effect of helium is well recognized. 
Only hydrogen is superior in this re- 
spect. The gas is tasteless, colorless, and 
odorless. Helium liquefies at an unusual- 
ly low temperature ( — 268.9°C.). Tlie 
pressure required for liquefaction, how- 
ever, is of small magnitude, being only 
2.26 atmospheres. The element solidifies 
at — 272.2°C. This is one of the lowest 
temperatures which has ever been at- 
tained, approximating almost absolute 
zero. Helium is the most difficult sub- 
stance to liquefy and solidify pressure 
being required regardless of tempera- 
ture. The specific heat of the gas is 
0.0002 calories per ml. and 1.25 calories 
per gram. 

An electrical discharge througli mer- 
cury vapor and helium mixture forms 
two unstable complexes, HgHe and 
HgHcj. 

Importance of Solubility 

Helium is the least soluble of the ele- 
mental gases. Sulphur hexafluoride is 
less soluble than helium. The water solu- 
bility is 0.87 ml. per 100 ml. at 37'’C. The 
olive oil solubility is 1.48 ml. at 37°C. 
It Ijas a low oil/water ratio (O.IS7 at 
37°C.) and for this reason has been ad- 
vocated for inhalation, particularly by 
divers who are subjected to increased 
atmospiieric pressure. The nitrogen in 
the cells is replaced by helium, but since 
the solubility of helium in blood and 
lipoids is less than that of nitrogen, the 
narcotic effects characteristic of inert 
gases under these circumstances is min- 
imized. In addition, aeroembolism due 
to the bubble formation during decom- 
pression is less of a problem. 


Physical Basis for Clinical Uses 

Helium has also been used as a re- 
placement gas for encephalography and 
in cases of respiratory obstruction. The 
gas is not only useful because of its in- 
ertness and low water and lipoid solu- 
bility but also because of its lightness. 
A mixture of 21% helium and 79^ air 
has a specific gravity of 0.341. Relatively 
speaking, then, it is almost one-third as 
heavy as air. It diflfuses faster and with 
greater ease through narrowed orifices. 
Helium is Js as heavy as oxygen and, 
therefore, according to Graham's Law dif- 
fuses 2.8 times faster. The gas is used as a 
diluent with o.xygen in cases of chronic 
obstructions of the respiratory tract. The 
mechanical advantage is increased due 
to the low specific gravity. The effort re- 
quired to move the tidal volume of 
helium-ox)'gen mixture is approximately 
one-third that required to move air un- 
der similar circumstances. A mixture of 
60% helium, 25% oxygen, and 15% cyclo- 
propane has a specific gravity of 0.558. 
The force required to move it is about 
one-lialf of that required for a mixture 
of 85% o.xygen and 15% cyclopropane, 
which has a specific gravity of 1.16. 

Viscosity 

The relative viscosity of helium at 
20’C. is 0.019 (H*0 = 1). 

Absorption and Diffusion 

The gas is absorbed e.xtremely slowly 
from the alveoli of a lung lobule with 
an intact blood supply but whose bron- 
chus is occluded because of its low 
water solubility. The diffusion of nitro- 
gen requires 16 hours while helium, un- 
der similar circumstances, requires 26. 
The gas has been used at the termina- 
tion of anesthesia as a prophylactic 
measure to prevent atelectasis. There is 
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no rational basis for this procedure since 
the helium is immediately replaced by 
air when inhalation is discontinued if 
the bronchus is patent. Should the 
helium be trapped, collapse will be de- 
layed but not prevented. Helium, as do 
nitrous oxide, ethylene, and other gases, 
diffuses through the shin in minute quan- 
tities. Helium readily diffuses through 
rubber, and even through glass. Tlie 
speed of sound is increased as the density 
through which it is travelling is de- 
creased. Tlie voice of a patient inhaling 
helium becomes higher pitched tlian nor- 
mal because the vocal cords vibrate at a 
more rapid rate than they do when air is 
inhaled. In addition, it assumes a nasal 
twang because the sinuses and other cav- 
ities are filled with the gas. 

QoENariNC Effect 

Helium possesses a high degree of 
heat conductivity. It is thus capable of 
cooling sparks, thereby acting as a 
quenching agent. IE added to mixtures of 
flammable anesthetics the limits of flam- 
mability are decreased. A mixture of 502 
cyclopropane with 122 or more helium 
combined with oxygen does not ignite. 
Similar reduction in flammability occurs 
with etlier, helium and oxygen mixtures. 

Analysis 

The quantitative determination of 
helium is difficult since it is chemically 
inert and combines with no substance to 
form stable compounds. Therefore, in 
volumetric determinations, it must be 
measured as a residual gas after the other 
gases are absorbed. Gases and vapors 
are readily adsorbed to activated sur- 
faces such as charcoal or silica gel at 
room temperatures if they are derived 
from liquids having relatively high boil- 
ing points. Gases derived from liquids 


whicli boil at low temperatures are not 
readily adsorbed at room temperatures 
but may be at low temperatures. Helium, 
however, is not adsorbed by activated 
charcoal even at very low temperatures. 
Tlie other gases with which it occurs are, 
however. Therefore, in the quantitative 
determination of helium, the gas mixture 
is cooled to an extremely low tempera- 
ture ( — 195‘’C.) and treated with acti- 
vated charcoal which adsorbs all sub- 
stances except helium whose volume is 
then measured. This analytical tech- 
nique may be executed by means of the 
manometric apparatus by Van Slyke and 
Neill. Boothby and his coworkers de- 
vised a method to measure the composi- 
tion of oxygen, nitrogen, helium mix- 
tures by measuring tlie speed of sound 
through the mixture. Tills technique is 
used by some ^vo^ke^s (Chap, 7). 

XENON 

DismiBimoN 

Xenon (Xe) is one of the few inorganic 
substances which produces general anes- 
thesia. Xenon is the rarest and the heavi- 
est of the rare gases. It is present in the 
atmosphere in the ratio of 1 part in 20 
million of air. The word “xenon" is de- 
rived from the Greek and means 
stranger. It was discovered by Ramsay 
and Travers in 1898 in the residual re- 
maining after the evaporation of h’quid 
air. It is inert and forms no stable com- 
pounds with other elements. Several un- 
stable hydrates are possible (Xe^HtO) 
and the deuterite Xe 6DiO. 

PnOPEBTIES 

The atomic and molecular weights are 
131.3, the boiling point is — 107.1®C., 
melting point — 112°C., the density of 
the gas is 5.85 gm. per liter. The specific 
gravity of the liquid is 3.52 at — 109°C. 
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The critical temperature is 14.8°C.; the 
critical pressure 57 atmospheres. Xenon 
is slightly more viscous than air at room 
temperature. 

Uses 

Cullen and Gross found xenon to 
possess anesthetic properties. Striking 
similarities exist between the solubility 
data for xenon and ethylene. The Bun- 
sen absorption coefficient at 37® is 1.7 in 
oil and 0.085 in water for xenon. For 
ethylene the Bunsen coefficient is 1.3 in 
oil, 0,09 in water and an oil/water ratio 
of 14.4. The oil /water solubility is 20 at 
37.5®C. A mixture of 802 xenon and 20% 
oxygen produces light surgical anesthesia 
wthin a few minutes. Anesthesia is of the 
same depth as that of ethylene. Recovery 
is rapid. The cost and scarcity of the gas 
prohibits its use as a surgical anesthetic. 
It, however, is a valuable pharmacologi- 
cal tool. The rate of uptake and distribu- 
tion of anesthetics in tissues has been 
studied by Pittinger and Cullen by using 
Xenon (Xe 135) which has been made 
radioactive in a nuclear reactor. A bluish 
color results when Xenon is subjected to 
activation by an electrical current in a 
rarefied atmosphere. 

KRYPTON 

Kiypton has been compared witlr 
xenon for anesthetic potency. Appar- 
ently it is ineffective, even though it has 
an oil/water ratio of 9.6, a Bunsen ab- 
sorption coefficient of 0.43 for oil and for 
water of 0.045 at 37®C. 

m’DROGEN 

IIlSTOaY 

Hydrogen is the lightest element 
known. It is of interest in anesthesiologj' 
because it has been suggested as a dilut- 
ing agent because it is light and is chem- 


ically inert in vivo. It possesses no nar- 
cotic properties. Cavendish first recog- 
nized the gas as an element in 1776. It 
was later given the name hydrogen by 
Lavoisier. 

AcmTTY 

Hydrogen is a colorless, odorless and 
tasteless gas which liquefies at — 226°C. 
Two volumes dissolve in 100 volumes of 
water at 760 mm. Hg and 0°C. Hydro- 
gen is extremely active chemically and 
combines \eith many elements to form 
hydrides. Ammonia is the hydride of 
nitrogen. Oxidation, or union with oxy- 
gen, occurs with explosive violence. Its 
use in anesthesia and inhalation therapy 
is objectionable on this account. 

Properties 

The atomic ^veight of hydrogen is 
1.008; the molecular weight is 2.016, be- 
cause the molecule is diatomic. The spe- 
cific gravity is 0.069 (air= 1). One liter 
weighs 0.08987 grams. The viscosity at 
20®C. is 88 micropoises (air 182). The 
lightness of the gas would render it more 
serviceable than helium w’hich is rivice 
as heavy'. Hydrogen is interesting in that 
it possesses several isotopes. Approxi- 
mately 1 in 5000 atoms possesses a mass 
of 2. This “heavy’ hydrogen is calJed 
deuterium and is represented by the 
sj'mbol D or H*. A third isotope, tritium 
— (H*), occurs to the extent of 1 in every 
1,000,000,000 atoms. The ordinary' hy- 
drogen atom (mass 1.008) is called pro- 
fium. 

Preparation' 

The commercial source of hydrogen is 
the electrolysis of the oxide or w’atcr. 
Hie oxide of deuterium, kno^vn as “heavy 
icater” electrolyzes with more difficulty’ 
than ordinary' water. This behavior is 
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utilized in the preparation of ‘‘hea\'y’ 
hydrogen. Although it is possible that 
deuterium oxide possesses biological sig- 
nificance, its relationship to anesthesia is 
unimportant according to present day 
knowledge. Its only use is a tracer in de- 
termining distribution and elimination 
of drugs. 

HYonocEN Ions and rll 
The hydrogen nucleus (11) or proton, 
is important in the formation and stnic- 
ture of acids. Acids act as proton do- 
nators and may transfer protons to other 
substances capable of receiving tliem. 
Wien an acid forming substance, such 
as hydrogen chloride, dissolves in water, 
the proton transfers from the hy-drogen 
to water to form oxonium ion (ILO*) and 
chloride ion (Cl’)- The oxonium ion is 
positively charged. The remainder of the 
acid is negatively charged. The older 
concept proposed the formation of /ly- 
drogen ion as the cation (II*) and the 
remainder of the molecule as an anion 
when an acid was dissolved in water. 
The term “liydrogen ion” is still retained 


in physiologic and medical literature. 
Tlic concentration of hydrogen ion, or, as 
it is often expressed, cll is an indication 
of the degree of acidity. Hydrogen ion is 
expressed for the sake of convenience, 
as pH which is the reciprocal of the 
concentration expressed as the negatioe 
logarithm erf base 10. The concentrations 
of H*’ and OH" in water or dilute aque- 
ous solutions is a constant. 

At 25°G- pure water or a neutral solu- 
tion contains 1 X 10'’ moles of H* or 
Oil' per liter (1/10,000,000 normal). The 
pll is expressed as 7. A normal solution 
of an acid if 1005 ionization occurred 
would have a pH of 0. A I/IO normal 
solution would have a pII of 1, a 1/100 
normal a pH of 2, a 1/1000 normal a 
pH of 3, and so on up to pH 7.0. The pH 
scale is used to indicate degrees of alka- 
linity' because a definite reciprocal rela- 
tionship exists between hydroxyl ions 
and hydrogen ion. A normal solution of 
a completely ionized base has a pH of 
14, a 1/10 normal a pH of 13, a 1/100 
normal a pH of 12 and so on dosvn to 
pH 7.0. 
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Gas Analysis 


INTRODUCTION 

T he QUAUTATn’E and quantitative 
analysis of gases, as a rule, requires 
skill and experience. In many cases elab- 
orate apparatus and tedious manipula- 
tions are necessary’. Few clinicians have 
either the time or experience or even the 
occasion to do their o^sm analyses. How- 
ever, they should be familiar with the 
basic principles which underlie methods 
for analyzing gases they ordinarily use. 
The following discussion, therefore, will 
deal largely with generalities and basic 
concepts of gas analysis. Technical de- 
tails not only would be of little interest 


to the clinician but also would comprise 
a treatise in themselves and are, there- 
fore, not included. 

GENERAL PRINCIPLES 
Gases may be analyzed qualitatively 
and quantitatively by either chemical or 
physical methods. For many years the 
only methods of analysis were chemical. 
The advances in electronics have led to 
the development of physical methods. 
Both types of analyses have their place. 
Some gases are best analy’zed by chemi- 
cal methods; others by physical. Usually 
continuous analysis involves physical 
methods. 


CHEMICAL METHODS OF ANALYSIS 


In order to determine the percentage 
composition of a mixture of gases, 
whether it be by a physical or chemical 
method, one must know the tempera- 
ture, pressiwe, and volume at the time 
of sampling. The sample is collected in 
glass tubes under mercury as a rule for 
chemical methods. In many physical 
methods the gases are dra\TO in a con- 
tinuous stream into the apparatus. Tlje 
requirements for sampling will be dis- 
cussed in more detail as each method 
and gas is described. 

Numerous chemical methods utilizing 
a variety of apparatus are used but they 
may be resolved into three fundamental 
basic types: (1) Ahsorptiometric, in 
which the temperature and pressure of 
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the specimen remain constant and the 
changes in ^'olume produced by absorb- 
ing the unknou’n gases with chemical 
reagents is measured; (2) Manometric, 
in which the temperature and volume of 
llie specimen remain constant and the 
changes in pressure induced by absorp- 
tion are measured; (3) Conversion meth- 
ods, in which a measured volume of a gas 
reacts at known temperature and pres- 
sure with a suitable reagent to form an 
end product which may be determined 
voluraetrically, gra^’imelrically, colori- 
metn'cally, or by special techniques. 

ABSORPTIO.METRIC METHODS 
Ahsorptiometric methods are widely 
employed. Many tj-pes of apparatus are 
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available. Eacli varies widely in details 
of construction. However, the basic un- 
derlying principle is the same in all of 
them. Only the more important and 
those used in anesthesiology can be de- 
scribed here. 

The Orsat Apparatus 

This is a commonly used type of 
analyzer which has been modified by 
many different workers to suit a particu- 
lar need or project. Frequently the term 
Orsat is co-named with the name of the 
individual proposing the modification, as 
for example, Orsat-Henderson. Each 
modification has been devised for some 
particular purpose, but essentially all 
have the same features, fundamental 
parts and principles of operation. 

The most important part of any quan- 
titative gas analysis apparatus is the pre- 
cision instrument used for measure- 


ments. In the Orsat (Figs. 1.7, 2.7), this 
consists of a vertically placed burette 
calibrated in cubic centimeters or frac- 
tions thereof depending upon the preci- 
sion required. This burette is of varying 
capacity, depending upon the purpose 
for which tlie apparatus is intended. Us- 
ually it is of the 100 ml. capacity. The 
zero point is at the top. The upper end 
is connected to a three-way stopcock, 
one part of which communicates with 
an inlet through which the sample to be 
analyzed is admitted. The other limb 
of the stopcock is connected with the 
absorption chamber or pipette. The 
lower end of the burette is connected, by 
means of a rubber tubing, to a leveling 
bulb. This consists of a reservoir con- 
taining a displacing fluid which may be 
raised and lowered. The leveling bulb 
has a capacity approximately two and 
one-half times tliat of the burette. When 


Fic. 1.7. Gas analysis apparatus which 
measures change of volume while tem- 
perature and pressure remain constant. 
The glass burette (A) is connected to the 
absorption pipette (B). The sample is 
drawn into the burette through the inlet 

(C) by raising and lowering the leveling 
bulb containing a displacement medium 

(D) . The gas is forced into the absorp- 
tion pipette by raising fhe leveling buTo 
The reagent passes from (a) to (b) of the 
absorption pipette as the gas passes into 
it. Several pipettes may be connected to 
the manifold (E), each containing a dif- 
ferent reagent in order that several gases 
may be absorbed from the same speci- 
men. Pipette (B) shows arrangement of 
reagent before gas is introduced, (D,) 
while gas is being absorbed. The stopper 
(F) is for emptymg reagent from the 

pipette. The surface of the reagent (G) may be coveredwith mineral oil to preserve it from 
evaporation and oxidation. Air jad^et (H) serves to maintam a constant temperatuie. Both levels 
(L) and (L,) must be equal when volumes are measured in order to have the pressure in apparatus 
equal to atmospheric. The Orsat and Haldane apparatus both employ the principles embodied 
here. 
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the leveling bulb is raised to the zero 
level of the burette, the fluid fills the 
burette and the gases contained within 
it are forced to the outside or into the 
absorption chamber, depending upon 
which way the stopcock is turned. The 
sample is dra^vn into the burette by 
lowering the leveling bulb towards the 
bottom of the burette, after having first 
filled it with the displacing fluid. Gases 
in the burette are adjusted to atmos- 
pheric pressure by having the meniscus 
in the burette and leveling bulb at the 
same level. Thus, by raising and lower- 
ing the leveling bulb gas may be drawn 
in and out of the burette. The displacing 
fluid must not react with or dissolve any 
of the gases to be analj'zed. It must also 
have a low vapor pressure to be useful. 
Mercury possesses these qualities and is, 
undoubtedly, the most satisfactory dis- 
placing fluid. Aqueous solutions of var- 
ious acids, bases or salts with which the 
gases being analyzed do not react and in 
which they are poorly soluble may be 
used instead of mercury. The burette is 
usually enclosed in a transparent jacket 
containing air or water which helps main- 
tain a constant temperature. 

Absorption chambers (also called 
pipettes) vary in construction. The us- 
ual type is composed of two transparent 
chambers, one placed slightly above the 
otlier, whose bottoms commumcate fay 
means of a U-tube. The top of the upper- 
most chamber is connected to one limb 
of the three-way stopcock of the bu- 
rette. The gas is transferred to and ab- 
sorbed in this portion of the pipette. 
The second cliamber, which is open at 
the top, serv'es as a reser\-oir for tlje 
reagent displaced from the first portion 
of the sample. Tlie pipette is filled with 
the specific reagent necessary for a par- 



Fic. 2.7. Orsat-Henderson Gas Analyzer. 


(icular gas present in the sample. 

Absorption occurs primarily from the 
surface of tire liquid. Therefore, the 
greater the surface of the reagent pre- 
sented to the gas the more rapidly will 
the absorption proceed. The surface is 
usually increased by placing glass tubes 
or beads in the first chamber. These be- 
come moistened by the reagent. The 
sample of gas to be analyzed is drawn 
into the burette at room temperature 
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and adjusted to atmosplieric pressure. It 
is then forced in and out of the absorp- 
tion cliamber by raising and lowering 
the leveling bulb until there is no more 
shrinkage in volume of the sample. When 
absorption is complete, the remaining 
unabsorbed gas is redrawn into the bu- 
rette and its volume measured after ad- 
justment to atmospheric pressure has 
been accomplished by the equalization 
of fluid levels in the bulb and burette. 

A number of gases may be analyzed in 
succession from a simple sample by us- 
ing different reagents. Several absorp- 
tion chambers are filled with appropriate 
reagents. These are placed on a single 
manifold. A mixture of carbon dioxide, 
oxygen, cyclopropane and nitrogen, for 
example, may be analyzed by passing 
the sample into three successive cham- 
bers. The first, containing sodium Jiy- 
droxide, removes the carbon dioxide; tlie 
second containing pyrogallic acid re- 
moves oxygen; the third containing fum- 
ing sulphuric acid removes c)’clopropane. 
The residual gas is nitrogen, 

Tnc Haldane Appaiutus 

Tlic Haldane gas analyzer is similar in 
principle to the Orsat. It allows greater 
precision than the Orsat. The Haldane 
gas analyzer is employed for physiologi- 
cal studies of respiratory gases because 
it permits accurate analyses of small 
samples. The Orsat is employed for com- 
mercial and industrial purposes. It may 
be used for absorbing hydrocarbons, car- 
bon dioxide, carbon monoxide, oxygen 
and so forth. Volumes as small as 10 ml. 
of respiratory gases are analyzed using 
the Haldane. Each constituent may be 
determined to an accuracy of O.OIS. The 
burette is calibrated precisely to liun- 
dredtlrs of a ml. It is surrounded by a 
water jacket, through which a stream of 


compressed air may be passed to agitate 
the water so that constant and even 
temperatures are assured in the burette, 
Tlic upper portion of the burette is con- 
nected to a gas sample inlet and two 
absorption chambers by means of a four- 
way stopcock. Tlie lower end is con- 
nected to a leveling bulb. A non-cali- 
brated burette of exactly the same diam- 
eter and capacity as the calibrated one 
is submerged in the water jacket to be 
used to determine tlie correction factor 
due to changes in volume from varia- 
tions in temperature. The leveling bulb 
operates in the same manner as in the 
Orsat. 

The Van Slykc Volumetric Apparatus 
Gases dissolved in liquids or com- 
liined with constituents dissolved in 
fluids may be determined quantitatively 
on the Van Slyke volumetric apparatus 
(Fig. 3.7). This consists of a calibrated 
pipette attached to an extraction cham- 
ber and a leveling bulb containing mer- 
CUT}'. Tlie gases in tlie fluid to he an- 
alyzed are extracted in the chamber by 
means of appropriate reagents and their 
total volume is measured. Carbon diox- 
ide and oxygen in blood, for example, 
are released by means of lactic acid and 
potassium ferricyanide. Changes in vol- 
ume are then noted after the appropriate 
absorbing reagent is admitted into the 
cliamber. Carbon dioxide is absorbed 
with sodium hydroxide; oxygen with so- 
dium hydrosulphite. The shrinkage in vol- 
ume is noted. A vacuum is created in the 
apparatus to extract tlie gases from the 
liquid by lowering the leveling bulb and 
xvithdrawing mercury from the cham- 
ber, Gases are adjusted to atmospheric 
pressure by use of the leveling bulb, as is 
done in the Orsat. Readings are taken at 
room temperature. The volumes may 
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then be recalculated to standard condi- 
tions. The volumetric Van Slyke is the 
type ordinarily found in general clinical 
use in hospitals for studies of carbon 
dioxide combining power. 

SciioLANDER Michometer Analyzer 
T he Scholander micrometer gas an- 
alyzer permits the determination of car- 
bon dioxide, oxygen and nitrogen in H 
ml. samples with an accuracy of .015 per 
cent. A gas sample is introduced into a 
reaction chamber connected to a mi- 
crometer burette which is balanced by 
means of an indicator drop in a capillary 



Fic. 3.7. Volumetric apparatus of Van Sljle. 




Fic. *1.7. Scholander microaiialyzer 
pipette for blood gases. 

against a compensating chamber (Fig. 
4.7). Absorbing fluids for the particular 
gas are lilted into the reaction chamber 
without causing any change in total 
liquid content in the system. During ab- 
sorption of the gas mercury’ is delivered 
into the reaction chamber from the mi- 
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Fic. 5.7. The manomctrJc 1)^0 of gas anal)sis 
apparatus (Van Slyke and Neill) is sho'^'n. The 
burette (A) is equipped \vith a double stopcock 
(B) to which are attached measuring cup (C) 
and outlet tube (D) which are used to intro, 
duce or eject samples or reagents. This burette 
is connected to manometer (E) and a mercury 
leveling bulb and reservoir (F). The bulb can 
be closed oS from the apparatus by the threo. 
way stopcock (G), A water jacket (H) sur. 
rounds the burette to maintain a constant tem- 
perature which can be watched with the». 
mometer (I). The burette is usually calibrated 
at 0.5 cc. (a), 2 cc. (b), and 50 cc. (c) mark};. 
A vacuum can be created in the apparatus to 
e.xtract gases from liquids by lowering the le\’el. 
ing bulb so that the level of mercury falls to th^ 
50 cc. mark. The extracted gases are then com- 
pressed to 2 or 0.5 cc., and pressure noted on 
the manometer. A reagent is introduced in tb^ 
cup (C) to absorb a particular gas. The volume 
is readjusted to 2 cc. or 0 5 cc., and the differ, 
ences in pressure before and after absorption are 
used to compute the volume of gas absorbed. 
The flexible joint (J) aUows a to and fro motion 
for shaking and mixing of reagents and extrac- 
tion of gases. The stopcock (K) allows use of 
the manometer as either the closed or open ^pe. 


exometer burette so as to maintain bal- 
ance oJ the gas against the compensating 
ebamber. 

MANOMETRIC METHODS 
Tlie second, or manometric group of 
methods of gas analysis is used to meas- 
ure clianges in pressure produced by 
chemical absorption of gases at a fixed 
temperature and volume. The best 
known apparatus employing this prin- 
ciple is that of Van Slyke and Neill (Figs. 
5.7, 6.7). The manometric apparatus per- 
mits greater accuracy and precision than 
the colataelfic appamtos oi Vita S!yke. 
Gases dissolved in liquids as well as 
mixed samples of gases may be deter- 
mined quantitatively by this technique. 
The gas content of as small a sample as 
1/10 ml. of fluid may be analyzed to an 
accuracy of 0.012. Tlie apparatus con- 
sists essentially of a manometer, a level- 
ing bulb, and a burette. The burette 
which has a capacity of 50 ml., has tliree 
calibrations, one at the 50 ml. mark, one 
at the 2 ml. mark and the other at the H 
ml. mark, It is constructed in a bulb-like 
fashion. A double stopcock and a cali- 
brated 6 ml. cup for admitting and eject- 
ing liquids and gases from the apparatus 
arc attached to the burette. The entire 
burette is enclosed in a permanent water 
jacket to maintain a constant tempera- 
ture. Tlie burette is connected to tlie 
manometer by a flexible joint so that it 
can easily be shaken by a motor or mag- 
netic agitator to accelerate chemical re- 
actions. A manometer of the closed t)pe 
communicates with the leveling bulb and 
the burette may be isolated by means of 
a three-way stopcock. Tlie leveling bulb, 
liDed with mercury, may be elevated to 
expel liquids from the apparatus or be 
lowered to create a vacuum in the bu- 
rette for extraction of gases. Gases are 
usually extracted from liquids at a 50 ml. 
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volume and are compressed to either the 
2 ml. or K ml. volume depending upon 
the size of the sample and the nature of 
the liquid used. The total pressure of the 
liberated gases in millimeters of mercury 
is read on the manometer. After the 
proper reagent for a particular gas is ad- 
mitted into the chamber and the gas is 
absorbed, the remaining gas is restored 
to the original 2 cc. volume. The differ- 
ence in pressures before and after ab- 
sorption is used to calculate the volume 
of the absorbed gases. 

Computations 

To facilitate tedious computations. 
Van Slyke and his coworkers have pre- 
pared a table of constants for certain 
gases at given temperatures with which 
the pressure changes in millimeters of 
mercury may be multiplied to deter- 
mine the volume of the gas in a given 
volume of fluid. Blood may be anal)’zed 
for total content of carbon dioxide, oxy- 
gen, nitrogen, cyclopropane, ethylene 
and nitrous oxide. 

Blood for gas analysis must be col- 
lected anerobically and not allowed to 
come in contact with air; otherwise, this 
would change both the oxygen and car- 
bon dioxide content. Specimens are 
usually collected over mercury or under 
mineral oil. Mineral oil may not be sat- 
isfactory for use in anesthesia studies 
because anesthetic drugs are soluble in 
hydrocarbons and would be extracted 
from the blood. 

The blood is mixed with a reagent 
containing saponin, which hemolyzes the 
cells; lactic acid which liberates carbon 
dioxide from the carbonates and Ihn 
carbamino compound, and an oxidizing 
agent (potassium ferricyanide) which 
converts hemoglobin and oxyhemoglobin 
to methemoglobin to liberate oxygen. 


]} 



Fic. 6.7. Manometric apparatus of Van Sb^e 
and Niell for analysis of gases in liquids. 


Oxygen and carbon dioxide are ab- 
sorbed by sodium hydroxide and sodium 
hydrosulplnte. Nitrogen, cyclopropane, 
nitrous oxide or ethylene are determined 
as residual gases, since these are not ab- 
sorbed by any particular reagent. See- 
vers and Orcutt have studied tlie anal- 
ysis of these gases by this method and 
have prepared a table of constants from 
which the amount present is computed 
from the pressures of tlie residual gas. 
The oxygen and carbon dioxide are first 
absorbed and the remaining gas is as- 
sumed to be an anesthetic gas. Blood 
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containing ether cannot be analyzed sat- 
isfactorily by this techiiifine because the 
ether possesses a high vapor pressure and 
dissolves in the reagents in different 
proportions and invalidates results. 
Shaw, Steel and Lamb have des’ised a 
method for removing the ether from the 
extraction mixture with a solution of 
equal parts of saturated sodium chloride 
and glycerine in a Jlempel pipette and 
readmitting them again into the appara- 
tus where the analysis is continued in the 
usual manner. 

CONVERSION METHODS 
The third type of analysis consists of 
a group of miscellaneous chemical reac- 
tions. For the want of a better designa- 
tion the term “conversion methods” is 
used to describe this type, Tlic gas is con- 
verted to a by-product, visually a non- 
volatile one, and the product is in turn 
quantitatively analyzed by some chemi- 
cal or physical method. Each technique 
embodying this principle is individual- 


ized for a particular gas. Carbon diox 
ide, for e.xample, may be passed into 
solutions of the hydroxides of the alkaline 
earth metals, Tliese are precipitated as 
carbonates. Tlic carbonates are then de- 
termined gravimctrically. One technique 
employed for the quantitative estima- 
tions of hydrocarbons, alcohols and 
ethers, such as ethylene, cyclopropane 
and ethyl or vinyl ether, is of particular 
interest to anestlietists. This utilizes the 
iodine pentoxide train (Fig. 7.7). A meas- 
ured sample containing the gas or vapor 
of the drug at a known temperature and 
pressure is drawn through a tube 2.5 
cms. in diameter and 25 cms. in length 
filled with asbestos impregnated with 
iodine pentoxide heated to 200-300°C. 
Organic substances are oxidized to car- 
bon dioxide and water by the iodine 
pentoxide. In the process free iodine, 
hydrogen iodide, or both are liberated. 
The iodine and hydrogen iodide are col- 
lected in a potassium iodide solution and 
are determined quantitatively by titra- 



FiG. 7.7. Schematic repiesentathm of Vbe iodme pentoxide tram. The specimen 
of fluid containing the gas or volatfle liquid is introduced through funnel (A) 
into receiver (B). Liquids are volatilized by heal from the electric plate (C) 
and drawn by suction through the tube (D) containing iodine pentoxide mixed 
with asbestos. Tlie mixture is healed by the electric coils (E) of the oven (F). 
The iodine which is liberated is caught in the receiver (G) containmg potassium 
iodide solution. The oven is thermostatically controlled. Suction is applied at 
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tion with standardized sodium bisulphite 
or thiosulphate solutions. The carbon 
dioxide formed is not utilized. Another 
example of a conversion method for de- 
tecting and estimating a gas is the an- 
al}'sis of carbon monoxide. Carbon mon- 
oxide reacts with hemoglobin to form 
carbon monoxide hemoglobin which is 
bright red and is easily estimated in a 
colorimeter. Nitrous oxide also may be 
determined colorimetrically in a similar 
manner by use of the diazo reaction. 

More detailed discussion of individual 
reactions for particular gases or vapors 
will be described further on in the dis- 
cussion of individual agents. 

METHODS OF DESIGNATION OF 
GAS CONCENTRATIONS 

Quantities of gases in physiology and 
pharmacolog)' are usually expressed in 
terms of volumes per cent. Tills term 
indicates that each 100 ml. of a gas or 


liquid contains, or may yield by an ap- 
propriate analytical method, so many 
mL of the given gas at the temperature 
and pressure of the experiment. Thus, 
50 volumes per cent oxj'gen means that a 
100 ml. sample of liquid or gas contains 
a total of 50 ml. of combined and free 
oxygen. Gas quantities may also be ex- 
pressed by weiglit, usual])’ in grams or 
milligrams per liter or per 100 ml. In 
biochemical studies it is common to ex- 
press the quantity of the gas in moles or 
fractions of a mole per liter. The term 
“volumes per cent” may be misleading 
when the total pressure of a mixture of 
gases is not at normal atmospheric pres- 
sure. The concentration of a gas in a 
mixture may be accurately expressed in 
terms of tension or pressure at a given 
temperature when there are deviations 
from normal atmospheric pressure 
(Chap. 3). 


PHYSICAL AND INSTRUMENTAL METHODS OF GAS ANALYSIS 


DIFFERENCES BET^VEEN CHEMI- 
CAL AND Pm'SiCAL METHODS 
OF ANALYSIS 

Chemical inefjjods of analysis have a 
number of drawbacks which limit their 
usefulness. Some objectionable features 
are as follows: (1) Specific methods for 
analysis of certain gases are not avail- 
able, For example, helium, nitrogen and 
nitrous oxide do not react with reagents 
to form specific compounds and are, 
therefore, not amenable to chemical an- 
alysis. (2) Large samples arc often re- 
quired for analysis because micro tech- 
niques are not available. (3) Tlie sam- 
pling is individual and intermittent. Con- 
tinuous analysis is not always possible, 
(4) The method of analvsis is often slow, 
tedious and cumbersome. (5) Often, par- 


ticularly in clinical studies, it is desirable 
and necessary to perform the analysis at 
the scene of the experiment. Most chemi- 
cal methods do not permit this. 

These inadequacies of chemical meth- 
ods liave prompted the development and 
perfection of physical methods of gas 
analysis. Man)’ devices embod)’ physical 
principles as the basis for the analytical 
technique and permit rapid, continuous 
analvsis of a single gas and, in certain 
cases, simultaneous analysis of the com- 
porrents of a mixture of several gases. 
Many of these devices require micro- 
sampling, are automatic and provide a 
permanent record, Man)’ permit the de- 
tection of momentary changes in con- 
centration which are often overlooked 
when chemical methods are cmp^o^•ed. 
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Much of this type of apparatus, once it is 
calibrated and placed in operation, is 
capable of continuous performance. 

Disadvantacks 

There are, however, disadvantages to 
physical methods also. Some of these are 
as follows: (1) The apparatus is cumber- 
some and difficult to operate in some 
cases. In many instances, the apparatus 
is the assembly of a complex mechanical 
or electrical device. (2) The cost of the 
device is often prohibitive because of 
its complexities. (3) Many devices are 
not standard pieces of equipment and 
are not available commercially. Often 
they must be custom built. (4) The mech- 
anisms are often delicate. Tliey easily 
become deranged and develop flaws. 
Expert mechanics and technicians are 
required to ser\-ice them. (3) It Is pos- 
sible for the apparatus to become de- 
ranged and still appear to be functioning 
properly. It may therefore record er- 
roneous quantities, unbeknownst to the 
operator. (6) In many cases standardiza- 
tion of the apparatus by chemical 


methods is necessary. The calibrations 
are often tedious and time consuming. 

SPECIFIC AND NON SPECIFIC 
PHYSICAL METHODS 
OF ANALYSIS 

Physical methods of analysis are of 
two types— specific and non-specific. In 
non-specific methods a physical prop- 
erty common to a class of substances, 
such as the ability to conduct heat or 
sound, the diffusibility, the index of 
refraction or the viscosity is determined. 
In specific methods some unique prop- 
erty peculiar to one gas which is not pos- 
sessed by the other gases in a mixture of 
several gases is used as the basis of 
analysis. For example, oxygen is para- 
magnetic. This property is not possessed 
by gases, such as nitrogen, helium or 
carbon dioxide, which are ordinarily 
used in conjunction with oxygen in an- 
esthetic techniques. In the following 
paragraphs some of the important physi- 
cal properties of gaseous compounds and 
how they are utilized for gas anal)’sis 
are discussed. 


NON-SPEaFIC METHODS 


METHODS BASED ON THERMAL 
CONDUCTIVITY OF A GAS 
Apparatus relying upon thermal con- 
ductivity of a gas as the basis for analy- 
sis is suitable for the quantitative de- 
termination of certain gases. Each gas 
conducts heat at a different rate, depend- 
ing on its molecular configuration. The 
passage of an electrical current through 
a wire of a moderate resistance causes 
heating of the wire. Two wires of identi- 
cal resistance surrounded by identical 
media transmitting tlic same quantity of 
electricity will attain identical tempera- 
tures. Varying the composition of tJie 


medium surrounding a wire causes a 
variation in the rate of conduction of 
heat in a wire. If heat conduction is 
retarded the temperature rises; if heat 
conduction is increased the temperature 
falk. Resistance to the passage of elec- 
tricity Increases if the temperature of a 
conductor rises and decreases if it falls. 
Analyzers embodying this principle are 
called katharometers. In such an an- 
alyzer one wire is surrounded by air or 
other reference gas and the other by the 
specimen of gas to be anal)‘zed. The 
heat loss from the wire surrounded by 
the reference gas remains constant; that 
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:om the wire surrounded by the un' 
nown gas varies with the composition 
f the gas. The changes in resistance, 
leasurable by ohmeters, using the 
Vheatstone Bridge principle, are pro- 
lortional to the quantity of unknown 
as present. Apparatus of this sort must 
'6 calibrated emperically with a known 
aixture of gases. Gross errors are intro- 
luced in analysis of respiratory gases 
lue to the presence of carbon dioxide. 
)bviously, apparatus of this design is 
mpractical for clinical anesthesia if 
lammable gases and vapors are being 
ised. 

SONIC METHODS 
The velocity of sound varies with the 
jhysical characteristics of the medium 
hrough which sound waves are propa- 
gated. Dublin, Boothby and Brown ap- 
plied this principle to analysis of mix- 
:ures of oxygen and helium in inhalation 
herapy studies. Faulconer has advo- 
::ated the use of apparatus based upon 
this principle for investigative studies in 
inesthesia. The speeds of sound of com- 
:non gases and vapors at 25°C. are as 
follows: nitrogen 338 meters per second, 
nr S32 meters per second, oxygen 317 
meters per second, nitrous oxide 362 
meters per second, carbon dioxide 258 
meters per second, ether vapor 179 
meters per second, and water vapor 405 
meters per second. In order to use ap- 
paratus based on this principle the iden- 
tity of each of the gases in the mixture to 
be analj'zed must be known. This tech- 
nique of analysis is not suitable unless 
the velocity of sound of each component 
of the mixture to be analyzed is propa- 
gated at a significantly different rate 
from the other. If more than two gases 
are present in a mixture, tlie one propa- 
gating sound at the slowest velocity must 


be selectively absorbed before the mix- 
ture can be analyzed on the apparatus. 
Faulconer and his associates have ana- 
Jj’zed mixtures containing ether, nitrous 
oxide, carbon dioxide and oxygen by 
using the sonic technique in combination 
with other techniques. The ether is first 
removed by absorption by sulphuric acid 
after which oxygen determinations are 
made using the Pauling principle (para 
magnetic qualities). The carbon dioxide 
is then absorbed and nitrous oxide is then 
analyzed using the sonic method. 

Types of Analy’zers 

There are several types of analyzers 
embodying this principle. Some use os- 
cillators as the source of the sound. 
Sound waves are supplied at a constant 
frequency. Tlie sound waves enter one 
end of a smooth walled tube, whose 
length can be varied. Tlie tube is filled 
with the gas and its length is varied un- 
til resonance occurs. The tube length 
corresponds to the wave length of the 
sound being transmitted through the 
gas. The quantity of gas is then com- 
puted from this reading from previously 
calibrated curves obtained from know-n 
mixtures of gases, fn other anafyzers, an 
electronic oscillator at one end of a 
smooth walled tube of fixed length sends 
sound waves into the tube. A sensitive 
microphone at the other end detects the 
magnitude of the sinal variations and 
amplitude of the sound waves. After 
amplification, the variations are indi- 
cated on sensitive micro-voltmeters. The 
readings of the latter are translated into 
terms of percent composition from cali- 
brations previously made on kmown mix- 
tures of gases. 

MSCOSIMETRIC METHODS 
Viscosimetric methods are employed 
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for detection and quantitative estimation 
of gases whose chemical and physical 
properties do not lend themselves to 
other methods of analysis. Viscosimelric 
methods are generally used for analysis 
of mixtures containing liigh molecular 
weight gases, such as liydrocarbons, or 
inert gases which have relatively low or 
high viscosities compared to those of 
other gases of similar density. The viscos* 
ity of a gas may be determined by meas- 
uring its resistance to flow through a 
capillary tube or a viscosity pipette. Tlie 
gas is forced through the capillary tube 
under a constant pressure. This is ac- 
complished by allowing a column of 
mercury to fall through a glass tube con- 
nected to the gas sampling bottle. As it 
does so, it drives the gas from the sam- 
pling bottle through the capillary tube. 
The time required for the column of 
mercury to pass a given distance, marked 
off by two points on the glass tube, 
is determined for the unknown gas and 
is compared with the time required for 
it to fall the same distance when air or 
other reference gas of known viscosity is 
used. Other methods of determining vis- 
cosity are also available but they are not 
adaptable for gases used in anesthesiol- 
ogy- 

IDENTIFICATION BY DETERMIN- 
ING THE RATE OF EXPANSION 
The rate of passage of a gas from an 
orifice of extremely fine bore is measured 
and compared to the rate of effusion of 
a reference gas under identical tempera- 
ture and pressure. The number of mole- 
cules of a particular gas passing tlirougli 
the orifice depends upon the velocity 
only since tlie number of molecules of 
the gas in the container are the same, 
irrespective of the nature of the gas as 
long as temperature and pressure are 


constant. The time of efflux depends 
upon the velocity, which in turn is related 
to the density in accordance with Gra- 
ham’s Law. The density is inversely pro- 
portional to the square root of the time 
required for a given amount of gas to 
effuse through the orifice. Instruments 
employing this technique are called ef- 
fusiometers. Unless the orifice is minute 
and its diameter much less than the 
mean free path of the gas, results are 
variable and inaccurate. The mean free 
path of the gas molecules should be ap- 
proximately 10 times the orifici-al diam- 
eter. 

IDENTIFICATION BY DETERMINA- 
TION OF DENSITY 
Density, as has been mentioned pre- 
viously, is the mass of a unit volume of a 
gas at a specific temperature and pres- 
sure. Usually, density is expressed in 
terms of grams per liter at standard con- 
ditions. Specific gravity, on the other 
hand, is the ratio of a mass of a unit 
volume of a substance to the mass of an 
identical volume of a reference sub- 
stance. Usually water is the reference 
substance in tlie case of solids and liq- 
uids, and air in the case of gases (at 
standard conditions or other identical 
conditions,!. In identifying a ^as by its 
density, as in the determination of spe- 
cific gravity, a comparison is made be- 
tween the density of the gas and that 
of a known volume of air. Tlierefore, 
methods involving the measurement of 
density are actually measurements of 
specific gravity rather than absolute 
density. Determinations of absolute den- 
sity are applicable for identification of 
individual pure gases. In determinations 
of density a given volume of the gas is 
wniglied directly (method of Regnault). 
The indirect method (Victor Meyer) may 
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also be used. In the latter method a wl- 
ume of a liquid is first weighed and al- 
lowed to vaporize after which the vol- 
ume of its >'apor is measured. ^\^en 
binar)' gas mixtures are to be analyzed 
specific gravity is (first) determined. 
When specific gravity' is determined a 
special balance called a specific gravity 
balance is employed. By use of the bal- 
ance the buoyant effect of a gas upon a 
body immersed in it is compared with 
that of a reference gas (air). 

INDEX OF REFRACTION 
The speed of light is decreased as 
light passes from a lighter, less dense 
medium to a heavier one. Also, as the 
rays of light enter the denser medium 
they are bent towards the norm. This 
bending of the rays is called refraction. 
The ratio of the speed of light in a vac- 
uum to that in a particular medium is 
known as the index of refraction of light 
for that medium. Tlie index of refraction 
is proportional to the degree of bending. 
The degree of bending may be deter- 
mined with an instrument known as a 
refractometer. The refractive index of 
light passing through a vacuum at 25®C. 
is unity (1.000). For water at 25°C. it is 
1.320. Commercial refractometers meas- 
ure indices between the range of 1.300 
to 1.38400. These are suitable for liquids 
and solids. Tlie refractive indices of most 
gases are numerically so close to each 
other, and to that of air, that the tech- 
niques of refractometry ordinarily used 
for solids and liquids are unsuitable. 

Interferometry 

Tlie technique of interferometry is bet- 
ter adapted for determining refractive 
indices of gases. Interferometry is based 
upon the following physical behavior of 
light. When two sets of light waves ar- 


riv'C at a given point simultaneously, they 
may reinforce each other, in which case 
the light appears brighter. If the waves 
of light could be visualized as being 
crests and troughs, the crests would 
meet crests and troughs meet troughs. 
However, if they arrive “out of step,” 
that is, a crest meets a trough, they nul- 
lify each other and produce darkness. A 
dark band, therefore, results at the point 
of meeting. This cancelling of beams of 
light waves is called interference. Inter- 
ference is caused by bending of the 
beams of light as they traverse a me- 
dium. The degree of interference is meas- 
ured by an instrument known as an fn- 
terferometer. Since the interference de- 
pends on bending of light waves as they 
traverse a medium and varies with the 
degree of bending, the interferometer 
can be used to measure the index of re- 
fraction. The basic operation of an inter- 
ferometer is as follows (Fig, 8.7): A beam 
of light is divided into two beams by a 
Jens or parallel slits in a diaphragm. One 
beam passes through a tube which con- 
tains the reference gas, usually air, while 



Fic. 8-7. Schematic representation of interferometer. 
Light from mercui)’ vapor lamp (A) passes through con- 
cave Jens (B) which paraUeJues rays into 2 beams which 
pass through shts (C) and (D) and through tube (E) con- 
taining sample of unlmowm gas and tube (F) containing 
reference gas. Rays pass tlirough matched glass plates 
(C) and (H) placed at 45® angle to beams. Plate (H) is 
fixed while (C) is attached to micrometer lever which can 
be rotated. The amount of rotation is indicated by the 
micrometer. The magnifier {]) is used to view- the inter- 
ference bands caused by passage through the gases. The 
rotating plate serves to position the central band of the 
series of mlerfcrence bands. 
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the other passes into a second tube wliich 
contains the unknown gas. The two 
beams are recombined by a lens after 
traversing each tube and as they emerge 
at the exit end of each tube. The beams 
each pass through two matched glass 
plates. One plate is at a fixed position of 
45°; the other may be rotated by a 
micrometer rotating lever. The degree 
of rotation of the movable plate is indi- 
cated on the micrometer. Rotation in- 
creases or decreases the effective optical 
path of one beam depending upon the 
direction. The plates thus are used to 
position the central band of the interfer- 
ence fringes. The interference fringes 
are formed at a microscope eyepiece at 
the exit end of the tube. The displace- 
ment of a set of fringes is a function of 
the differences in refractive indices of 
the gases in the two tubes. 

Interferometers for gas analysis may 
be used in either one of two ways, (1) as 
a direct reading instrument using a cali- 
brated curve constructed from mixtures 
of gases or (2) by comparing tlie index 
of refraction of the unkmowm with in- 

SPECIFIC 

METHOD UTILIZING MAGNETIC 
SUSCEPTIBILITY 

The ability to become magnetized is 
a universal property of a substance some- 
what akin to the ability of a substance 
to become electrified. Substances capable 
of becoming magnetized do so when 
placed in contact with a magnet or are 
brought into a magnetic field. This may 
be demonstrated by suspending a rod 
shaped piece of a solid substance or an 
elongated tube containing a fluid in the 
gap between the north and south pole of 
a magnet. Tlie rod or lube is introduced 
in the field at an angle of 45° to tlie 
magnetic lines of force. These lines of 


ysics of Anesthesia 

dices of refraction of two known mix- 
tures of gases. In the latter method, two 
known mixtures of gases whose composi- 
tion approximates that of the unknown, 
are used. One of these has an index of 
refraction above and one below the un- 
known. By interpolation, the unknown 
can be computed. When nitrogen-oxy- 
gen mixtures are analyzed carbon diox- 
ide and water vapor must be absorbed 
I>ccausc they introduce errors of great 
magnitude. Tlie temperature and the 
pressure also must be maintained con- 
stant otherwise errors are introduced. 

CALORIMETRIC METHODS 
A gas wliich is completely and easily 
oxidized may be estimated quantitatively 
by measuring the heat output resulting 
from the oxidation. Oxidation is carried 
out in a combustion chamber with the 
aid of catalysts. Tlie quantity of heat 
released is measured with thermocouples 
or by recording the changes in resistance 
of an electric wire. Tliis method has lit- 
tle application in anesthesia due to its 
complc.xity. 

METHODS 

force, referred to as flux lines, are hori- 
zontal from one pole to the other. Sub- 
stances such as iron, nickel and cobalt 
rotate from the 45° position and orient 
themselves horizontally between the 
poles of the magnet (Fig. 9.7). The longi- 
tudinal a.xis of a rod of the substance 
comes to rest parallel to the flux lines. 
Other substances, for example, alum- 
inum, copper or chlorine are also ori- 
ented in the magnetic field and tend to 
rotate in the same way hut to a lesser 
extent than iron. The torque, that is, 
the force which tends to rotate the rod 
from 45° to the horizontal position is 
less with these substances. Tlie position 
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Fig. 9.7. A ferromagnetic substance orients 
itself parallel to the flux lines and concentrates 
flux lines. 

they assume is not quite horizontal (Fig- 

10.7) . Still other substances show no ro- 
tation or tend to orient themselves away 
from the flux lines and affix themselves 
at right angles to the lines of force (Fig. 

11.7) . Substances which, when placed at 
an angle in a field, attempt to assume a 
position parallel to the flux lines are 
referred to as paramagnetic. Tliey orient 
themselves in the magnetic field and ex- 
hibit a torque. Iron, nichel and cobalt, 
since they are so strongly magnetic, are 
sometimes referred to as ferromagnetic. 
Substances which are repelled out of a 
magnetic field and tend to orient them- 
selves at right angles to the flux lines are 
called diamagnetic. Para and ferromag- 
netic substances are attracted towards 
the north pole of a magnet. A rod or a 
tube containing a diamagnetic sub- 
stance is repelled from the north pole 
and orients itself at right angles at the 
weakest portion of an inhomogenous 
magnetic field. A paramagnetic sub- 
stance tends to concentrate the flux lines 
while a diamagnetic one tends to dis- 
burse them and spread them apart (Fig. 

12.7). 

Diamagnetic and Paramagnetic 
Properties 

A possible explanation of this behavior 
is as follows: Certain molecules are elec- 
trically neutral. Others are polar and 



Fig. 10.7. A paramagnetic substance tends to 
assume a position paralleled to the flux lines 
and tends to concentrate the flux lines. 

have a positive charge at one end and 
negative one at the other, even though 
they appear to be electrically neutral. 
These are polar molectdes or dipole 
molectdes (Chap. I). These molecules, 
when placed in an electrical field, tend 
to orient themselves so that the positive 
end is at the negative plate and vice- 
versa. This tendency towards orientation 
in an electrical field and exhibition of a 
torque is called the dipole moment The 
movement of electrons in an atom in a 
closed orbit produces a magnetic dipole 
of small moment. Tliis is a permanent 
dipole. Placing such an atom in a mag- 
netic field causes an induced magnetic 
dipole of a sign opposite to the perma- 
nent one caused by the electronic activ- 
ity. Thus, an atom in a magnetic field has 
two ma^etic dipoles, a permanent one 
and an Induced one. The resulting or net 
dipole of these two is the permanent 
dipole minus the induced dipole. The 
pairing of electrons by covalent bonding 
nullifies the permanent dipole of a mole- 
cule. Thus, when such an atom is placed 
in a magnetic field only a negative in- 
duced moment is present. Substances 



Fic. 11.7. A diamagnetic substance tends to 
orient itself at right angles to the flux lines and 
tends to spread Uiem apart. 
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Fjg. 12.7. Schemalic representation of ojygen analyzer (Decbnan) based 
upon the paramagnetic principle. (1) Inlet through which sample is drawn 
into chamber containing magnet (2) by squeezing bulb (5). Nitrogen filled 
test body (3) with mirror (4) is suspended between the poles of the mag- 
net by a quartz string (7). Light from bulb (8) is reflected to scale (9). 


which behave thus are diamagnetic. 
They are attracted towards the weakest 
part of an inhomogenous magnetic field. 
Certain substances which contain an odd 
number of electrons have a permanent 
magnetic moment which far e.tceeds the 
induced moment. They are the paramag- 
netic substances. Tliey are attracted 
towards the strongest part of an in- 
homogenous magnetic field. 

Beckman Oxygen Analyzer Employ- 
ing THE Paulinc Principle 
Principle 

Oxygen lias strong paramagnetic 
susceptibility. The other gases encoun- 
tered in anesthesiology are all sliglitly 
diamagnetic. Tliis property of oxygen is 
utilized for determining its concentra- 
tion in mixtures of gases. The principle 
which utilizes the paramagnetic suscep- 


TABLE 1 7 

Rflative Maosetic Bl'sceptibilitibs op 
Common Gases 

Oxyiren 100 0 

Kitnc 45 0 

Nitrosen Dioxide 4 0 

ffydrogen 0 123 

llelnim 0 057 

Nilroxcn 0 3G 

Cnrbon Dioxide 0 63 

Ethylene 0.3f» 


tibilit)' of oxygen for analysis is known as 
the Pauling principle. It was first used in 
gas analysis by Linus Pauling of the 
California Institute of Technology in 
1940. Gas analyzers are now available 
which utilize tliis principle. One of these, 
knoxvn as the Beckman Oxygen An- 
alyzer, is widely used for both clinical 
and laborator)' determinations of oxy- 
gen tensions. The instrument is con- 
structed and operates as follows: A gas 
sample suspected of containing oxygen 
is drawn into a chamber containing a 
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small permanent magnet which produces 
an inhomogenous field (Figs. 12.7; 13.7). 
Between the poles of this magnet is 
mounted a dumbbell shaped receptacle 
which acts as a test body. This dumb- 
bell shaped test body, filled with nitro- 
gen, an inert diamagnetic gas, is held in 
position by a taut, fused silica fiber. A 
mirror is mounted on the test body. The 
magnetic field in which the test body is 
placed must be strong and non-homog- 
enous. The test body is arranged so that 
it can turn in a horizontal direction in 
and out of the magnetic field. The 
amount of tortion depends upon the de- 
gree of magnetic susceptibility of the 
oxygen in the sample. The sample Is 
drawn into a chamber containing the 
test body and the magnet. The sample Is 
betw’een the poles of the magnet and 
tlius surrounds the test bod)'. The degree 
to which the sample influences the ex- 
isting magnetic field determines the 
amount of torsion. The degree of rota- 
tion of tlie test body, then, is in propor- 
tion to the magnetic substance in the 
sample. A beam of light from a flashlight 
bulb is cast upon the mirror on the lest 
bod)’ and reflected to a scale wbicli is 
calibrated in units of oxygen tension 
(mm. Hg) or in volumes per cent. A sam- 
ple of gas may be anal)'zed almost im- 
mediately because equilibrium is at- 
tained within several seconds. A light 
weight portable mode! (Model D) is 
available for bedside use. The limit of 
cnor in this model is less than 2S and not 
clinically significant. Mere elaborate 
models are available for the precise de- 
terminations necessaiy for investi^live 
work. 

Tcchn{<;iie 

The gas is drawn from the sampling 
tube into the analyzing chamber by an 
aspirator bulb. A check valve at each 


end of the bulb assures a unidirectional 
flow. Thus, each compression of the 
bulb draws the analyzed specimen out 
of the chamber and ejects it to the out- 
side air and replaces it with a fresh one. 
The sampling tube is placed directly into 
an oxygen tent or connected, by means 
of an adaptor, to a needle W’hich is in- 
troduced into the mask or breathing tube 
or is attached to the outlet of a gas sam- 
pling receptacle. The gas must be dried. 
This is done by drawing it over silica 
gel before it passes info the analytical 
chamber. The silica gel is stained with a 
blue indicator. After repeated use the 
gel becomes exhausted by Iiydration. It 
can be used again if heated to 300°F. 
to drive off the water. It is blue when 
anhydrous and active, and pink when 
bvdrated and no longer capable of ab- 
sorbing ivater. A light s\vitch is provided 
on top of the apparatus for illumination 
of the mirror (Fig. 13.7). 

The instrument is delicate and subject 
to damage unless it is handled with care. 
The suspension (quartz string) for the 
lest body is easily broken. Tliis method 
of oxygen analysis is suitable only when 
other paramagnetic gases are absent. 
Nitric oxide, nitrogen dioxide and chlo- 
rine dioxide are other gases which mani- 
fest strong paramagnetic properties 
(Table 1.7). However, it is more than 
unlikely that these gases will be encoun- 
tered in anesthetic gas mixtures. This 
type apparatus is used in anesthesiology 
and inhalation therapy. 

Accuracy 

Two sets of calibrations appear on the 
scale of the clinical model. One scale 
expresses tlie owgen concentration in 
>’olumes percent at normal atmospheric 
pressure and room temperature (73'’F.). 
Corrections must be made for variations 
in barometric pressure. Tlie otlier scale 
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indicates t]ie partial pressure of the Oxy- 
gen. The caliljrations in terms of partial 
pressure may be read directly and re- 
quire no corrections for variations in 
barometric pressure. Corrections must be 
made for temperature. In precise de- 
terminations the instrument mxjst be 
calibrated for the temperature at which 
the specimens are analyzed. The instru- 
ment (Model D) used for clinical pur- 
poses is calibrated to read at 75“F. but 
measurements may be made from 65® to 
85° with less than 22 error. 

METHODS OF EMPLOYING ABSORP- 
TION OF RADIANT ENERGY 

Types of Radiant Energy 
iNFHA-nED Absorption 

Molecules possess three hinds of en- 
ergy: (1) electronic energy, (2) vibra- 
tional energy and (3) rotational energy. 
Mention of the first type-electronic en* 


ergy— has been made heretofore (Chap. 
I). This type is due to the grouping of 
negatively charged electrons in orbits 
(energy levels) around the positively 
charg^ atomic nucleus. Atomic nuclei 
are constantly vibrating about their 
equilibrium positions with a definite fre- 
quency of vibration. The exact mode and 
their frequency are determined by the 
type and arrangement of the atoms com- 
posing the molecule. An analogy may be 
drawn between this vibration and tire 
vibration of a spring supported body. 
The spring supported mass vibrates at a 
frequency winch is a function of the 
weight of the mass and the strength of 
the spring. In the atom, as long as the 
electrons remain in a given orbit or en- 
ergy level, the electron energy of that 
particular atom is stable. When one or 
more electrons moves to a higher energy 
level it does so with the absorption of 
energy in the form of heat, light or elec- 



FiG. 13.7. Beckman oxygen analyzer designed for Bedside use. 
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tricity. If one or more electrons move to 
A lower energy level, the atom then emits 
energy of one form or another. The en- 
ergy necessarj' to cause a shift of elec- 
trons from a lower to a higher energj' 
level is greater than that necessary to in- 
crease the vibrational energy of a mole- 
cule. The latter in turn is greater than 
the energy required to increase the rota- 
tional energy of a molecule. Radiant 
energy may be absorbed to effect these 
changes. 

Radiant energy is emitted from its 
source in the form of electro-magnetic 
waves. Electro-magnetic waves vary in 
length from the extremely short, or cos- 
mic rays, which have ver>’ high fre- 
quency and high energy, to the very 
long radio broadcast and ultrasonic 
waves which have low frequency and 
low energy. In between these extremes 
of length are the x-rays, various tN’pes of 
visible light and heat waves. The ab* 
sorption of energy by molecules in llie 
ultraviolet and in invisible regions of the 
spectra, in other words at the high en- 
ergy regions, is associated with shifting 
of electrons to the higher energy level. 
Absorption of the longer wave lengths in 
the lower energy portion of the spec- 
trum, such as the infra-red portion, is 
associated with increases in vibrational 
and rotational energies of the absorbing 
molecules. There is also a difference in 
behavior at the extremes of the infra-red 
spectrum. At the upper end of the infra- 
red spectrum, absorption of energy is as- 
sociated with vibrational energy while 
the absorption of infra-red waves of 
the lower portion of the spectrum, where 
the longer wave lengths are located, is 
associated with increases in the rota- 
tional energj' of the molecule. 

The qualitative and quantitative an- 
alysis of numerous substances may be 


accomplished b)' measuring tlie degree 
of absorption of radiant energy. Solids, 
gases and liquids may be delected and 
determined qualitatively and quantita- 
tively by utilizing this principle. Methods 
of analysis based upon this principle re- 
quire the use of instniments knowm as 
photometers or spectrophotometers. 

PirOTO.AfETERS AXD SPECTROPHOTOMETERS 

Photometers and spectrophotometers 
are instruments (or detecting and meas- 
uring quantities of radiant energy. A 
photometer differs from a spectropho- 
tometer in that the latter is selective. In 
a photometer the gas or other agent is 
exposed to the entire energ)' spectrum 
emitted by the source of radiant energy 
and the absorption of various wave 
lengths of light is determined. In tlie 
spectrophotometer the gas sample is ex- 
posed to certain pre-selected fixed wave 
lengths of radiant energ)'. These svave 
lengths ore provided from a monochro- 
matic source of energy. The source of 
energ)' emits light of a single wave 
length. A source of energy may be used 
which emits a mixture of rays of different 
wave lengths. These are passed through 
a filter which screens out all the wave 
lengths of radiant energ)' except the de- 
sired one. 

Spectrophotometric Methods 
OF Gas Analysis 

Few gases absorb visible radiation in 
a manner which is adequate to make 
this method practical for gas analysis. 
For those that do a spectrophotometric 
gas anal)'zer may be used. A spcctro- 
pliotometric gas anal)'zer consists of the 
following basic parts: (1) a source of 
energy which yields radiant energy of a 
single selected wave length, (2) an ab- 
sorption cell which holds the gas, (3) a 
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detector which absorbs the energy not 
absorbed by the gas, and (4) an instru- 
ment for amplifying and recording the 
variations in energy passing through the 
cell to the detector. 

Use or Non-Visible Radiation 
Most gas anal)’zcrs rely either upon 
absorption of non-visible, infra-red or 
ultra-violet radiation as the basis of anal- 
ysis. Ultra-violet absorption has limited 
value because it is a comparatively non- 
specific characteristic of individual 
molecules. Instead, it is a trait common 
to a multitude of gases. The absorption 
of infra-red rays, on the other hand, is 
a specific characteristic of certain mole- 
cules. Tile position and intensity of the 
infra-red absorption bands is a charac- 
teristic one for a particular compound 
and serves to identify the compound. 
Polyatomic molecules, such as those of 
carljon dio'cide, water, caihon mono.xtde, 
nitrous oxide, ethylene, ether, cyclopro- 
pane and so on may be determined quan- 
titatively by infra-red absorption, The 
method is not applicable for detection of 
gases having monatomic molecules, such 
as the rare gases or the diatomic elemen- 
tal gases, such as oxygen or nitrogen. 

Infra-red Ray Gas Analyzer 
As in the case of the spectrophotom- 
eter, the infra-red ray analyzer is com- 
posed of (1) a source of radiation, (2) an 
absorption cell, (3) a detector, and (4) 
an instrument for amplifying the energy 
which has passed through the gas. Infra- 
red gas analyzers are usually of two basic 
types— the dispersion and the non-dis' 
persion ty^e. In the dispersion method 
all the radiation from an infra-red source 
is passed into a prism which disperses 
it into a spectrum of its component wave 
lengths. Radiation of a desired wave 


length is selected to the e.xclusion of 
other xvavc lengths and passed through 
the gas, into the absorption cell and to 
the energy detector. In instruments em- 
ploying the non-dispersion principle the 
complete spectrum, tliat is, all the rad- 
iant energy emitted from tlie source, is 
passed through the cell containing the 
sample of gas to be analyzed. Noparlicu- 
lar wave lengtli is selected. 

Detectors 

The detectors used in the infra-red ray 
analy-zers are, likewise, of tuo broad 
types, the selective which respond only 
to infra-red rays of a giiTii wave length, 
and the non-sclectice which respond to 
infra-red radiation of many wave 
lengllis. Most detectors in infra-red ab- 
sorbers operate on tlie “heat absorption” 
principle. The infra-red rays whicli are 
not absorbed by the unknown gas dur- 
ing passage througli the absorption cell 
pass Into and are converted to heat in the 
detector. The heat wliich is liberated 
may be measiired by using a thermo- 
couple, a thermopile, a bolometer or a 
gas thermometer. Thermocouples record 
the temperature which develops. In the 
thermopile a current is produced when 
the infra-red rays strike tlie junction of 
two dissimilar metals. The temperature 
is raised to a slightly higher level than 
the s'tandard. Tliermopiles operate in a 
vacuum. In the thermister (bolometer) 
the temperature of a wire in the detector 
becomes ele^'ated by the lieat, causing a 
change in resistance and variation to 
passage of an electric current. The gas 
thermometer consists of a small bulb 
containing a gas upon which the radia- 
tion falls. The heat formed causes the 
gas in the bulb to e.xpand. This moves 
a flexible portion of the thermometer 
which serves as a mirror in an optical 
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system beUveen a light source and a 
photocell, or as a half condenser whose 
electrical capacity varies with the 
changes in position. The first three types 
are termed non-selective detectors since 
thev react to infra-red radiation of any 
wave length. The gas thermometer is 
selective because it reacts only to the 
radiant energy of specific wave lengths 
which are absorbed b}’ the gas in the de- 
tector. The bulb in the thermometer is 
made specific for a given wave length 
of radiation by filling it with a gas of spe- 
cific composition which absorbs the de- 
sired wave length of infra-red radiations 
and heats the gas which expands and in 
turn operates an optical detecting sys- 
tem. 

The Liston-Becker Gas Analyzer 
The Liston-Becker infra-red gas ana- 
lyzer has been employed in recent years 
in clinical anesthesia to analyze carbon 
diojdde. This device employs the non- 
dispersion selective detector principle. 
Infra-red rays are emitted b)’ two elec- 
trically heated nichrome light sources 
(Fig. 14.7). A rotating blade s)mchro. 
nously interrupts the infra-red beams. 
One beam is directed into the reference 
cell which contains the reference gas 
and then into a detector. The other beain 
is passed through the sample cell con- 
taining the u^kno^^'n gas and then into 
the detector cell. Both the reference gas 
and the detector cell are equipped with 
quartz windows to assure uninterrupted 
transmission and minimal absorption of 
the infra-red bands. Both the reference 
cell and the detector cells are filled with 
carbon dioxide. These cells are side by 
side separated by a diaphragm of a dif- 
ferential capacitance manometer. Gas in 
the sample cell absorbs some of this ra- 
diation and decreases the infra-red radla- 



Fic. 14.7. Gas analjTer utilizing principle of 
infra-red ray absorpiion. Two nichrome iight 
sources (A & AJ emit infra-red rays into ref- 
erence cell (D) through dummy cell (C). A, 
emits ra)s through sample cell (E) into de- 
fector cel! (F). The reference cell and the de- 
tector cell are filled with the gas being an- 
abzed (COj) but are separated by diaphragm 
of differential capacitance manometer. Pres- 
sure difference l^etw een reference cell and de- 
tector cell is adjusted by shutter in path of 
detector cell. The gas to be analyzed in sample 
cell (E) reduces infra-red ra\s passing into de- 
tector, thus decreasing the energy which re- 
duces the pressure which is detected by the 
capacitance manometer w’hich is translated in 
terms of per cent of gas by varj-ing N-oltage. 

lion reaching the detector. Less heat is 
produced in the detector cell than in the 
delector of the reference cell. Less pres- 
sure is then applied by the diaphragm in 
the capacitance manometer. The electri- 
cal capacity, therefore, varies with the 
increases and decreases in pressure in the 
detector cell. This causes a variation in 
electrical current which passes through 
the microvoltometer which is calibrated 
in terms of quantity of gas. The appara- 
tus must be calibrated using carbon di- 
oxide-oxygen mixtures of knowm compo- 
sition analyzed by some other method, 
usually a chemical one. 

Ultua-molet Ray Absorption 
The ultra-violet gas analyzer uses a 
mercury' vapor lamp as a source of radia- 
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tion. The gas is introduced into an ab- 
sorption cell through which the beam of 
radiant energy is passing. The radiation 
not absorbed by the gas in the cell passes 
into a photoelectric cell which acts as a 
detector. The cell is arranged so that a 
certain voltage is passing through it. 
This voltage increases or decreases as the 
amount of radiation reaching the detec- 
tor element increases or decreases. The 
voltage is balanced with that of a 
Wheatstone bridge. Fluctuations due to 
absorption of ultra-violet light by the 
gas cause an imbalance which is read off 
on a microvoltometer and translated into 
terms of quantity of gas from calibra- 
tions. Ozone, acetone vapors, bromine, 
phosgene, sulphur dioxide and so on ab- 
sorb ultra-violet light and may be ana- 
lyzed by this technique. Nitrogen, oxy- 
gen, water vapor, ethyl ether vapor and 
trichlorethylene do not. Therefore, this 
metltod cannot be used for delecting and 
estimating these gases quantitatively. 

Methods Usixg Visual Radution 
It has been mentioned previously that 
the methods based upon absorption of 
visual radiation by photometers and col- 
orimeters are of limited value for gas 
analysis because few gases and vapors 
are able to absorb visual radiant energy 
in detectable amounts. Tliese methods, 
howe\'er, are applicable for the detec- 
tion and quantitative determination of 
solids and liquids. The methods, there- 
fore, may be adapted for gases which 
are convertible to non-gaseous com- 
pounds that are detectable by colori- 
metric methods. For example, carbon 
monoxide may combine with hemoglo- 
bin to form carbon monoxide hemoglo- 
bin. Tliis compound is bright pink and 
can be determined quantitatively in a 
photoelectric colorimeter. O.xyhemoglo- 


bin may be distinguished from reduced 
hemoglobin by determining the amount 
of light transmitted through it (page 192). 

Methods Based upon the Emission of 
Radiation dv Cases 
Some gases can be made to emit radia- 
tion, in which case the amount of radia- 
tion can be measured. If an electric cur- 
rent at high potential difference passes 
from one electrode to another through a 
gas interposed between these electrodes, 
the molecules of the gas emit radiation 
in the form of a spark, an arc or a glow 
discharge. The wave length of the radia- 
tion emitted varies with the substance 
exposed to the electrical energy. Each 
substance yields its own specific color, 
the intensity of which depends upon the 
concentration of the gas. Nitrogen may 
be analy'zed by this technique by using 
an instrument known as the nitrogen 
meter. Tliis nitrogen meter was devised 
by Lilly for use in physiologic studies. 
The sample of gas to be analyzed is 
drawTi continuously through an electri- 
cal discharge tube by a pump so that one 
cubic millimeter passes through the ana- 
lyzing lube per second at a low pressure 
not exceeding 2 millimeters of mercury. 
The gas glows as it is exposed to the 
high potential applied to the electrodes. 
Air glows with a bright pink color, ox)'- 
gen a faint green, nitrogen a bright, or- 
ange pink, carbon dioxide a dim blue 
and water vapor a bright red. The light 
passes to a detector consisting of a pho- 
toelectric cell. A filter interposed be- 
tween the flow discliarging tube contain- 
ing the sample and the detector permits 
exclusion of all of tlie light except that 
emitted by the particular gas which is 
being analyzed. The photoelectric cell is 
connected to an amplifier which oper- 
ates an oscillating galvonometer and 
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yields a visual record which can he pho- 
tographed. 

METHODS DEPENDING ON 
ADSORBABILITY 

Gas Chromatography 
Principle 

Chromatography is a method of anal- 
ysis which has recently been applied to 
gases. The term “chromatography” actu- 
ally means to write with colors. How- 
ever, this technique has nothing to do 
with colored compounds. Gas chroma- 
tography is also known as vapor frac- 
tometry, gas partition chromatography 
and vapor phase chromatography. 

Tlie basic principle in gas chromatog- 
raphy revolves about the ability of ad- 
sorbents, such as silica gel or activated 
carbon, to selectively retard the move- 
ment of several gases in a mixture along 
a tube. The adsorbent is packed into a 
tube, known as a column, several or 
more feet in length. The length of the 
tube is determined by the nature of the 
adsorbent. A non-adsorbable gas, re- 
ferred to as carrier gas (also known as 
the eluent) under a nominal pressure, is 
passed through the column. Usually he- 
lium is employed. The mixture of gas to 
be analyzed is introduced through a 
valve at some point proximal to the en- 
trance of the carrier gas into the column. 
A mixture of any number of gases which 
are acted upon by the adsorbent may be 
analyzed. The composition of the col- 
umn may be varied according to the 
types of compounds under study. Tlie 
adsorbent influences the movement of 
components of tlie sample so that each 
component moves along in the column 
at a different rate of speed. The mixture 
of carrier gases and sample passes from 
the column into a detector where the 



Fig. 15.7. Schematic representation of the gas 
chromatograph. The earner gas is delivered 
from the flowmeter (A) into conduit (B) which 
carries sample introduced through plug (C) into 
adsorption column (D) and (E) from which it 
passes through outlet tube (F) into detector (G) 
which operates recorder (H). I is cell containing 
reference gas. 

quantitation is made. The fastest moving 
gas reaches the detector first, then each 
of the others in succession according to 
their rate of movement. The apparatus is 
adaptable for microanalysis, With most 
devices the upper limit of sampling is 
100 mgm. of liquid or fz milliliter of gas. 
Liquid samples are usually introduced 
with a micropipette. The adsorbent is en- 
closed in a heated chamber in order to 
aid the vaporization of high boiling com- 
ponents (Fig. 15.7). 

The concept by which the various 
components in a mixture of gases are 
separated by the adsorbent is sometimes 
referred to as the “plate” concept. The 
column may be likened to a fractional 
distillation still. The more volatile and 
less readih' adsorbable substances are 
the first to issue from the column into 
the detector. 



230 


Chcm{5l)ij and Physics of Anesthesia 



Fio. 10 7. Gas chromatograph ia operation TIic recorder inscribes a peak for each gas present 
in the sample The height and base of each curve is proportional to tlie concentration of the gas 
present in the sample. 


Detectors 

Several types of detectors may be 
used. The katharometer (electrical cort- 
ductivity) is used most frequently. The 
gases may also be carried into a hydro- 
gen flame where tliey' are burned under 
a sensitive thermocouple and the result- 
ing difference in temperature is re- 
corded. This technique is applicable to 
oxidizable gases. Temperature changes 
depend on the lieat of combustion of the 
organic vapor. If the components are or- 
ganic material they may be subjected to 
complete combustion and the resultant 
quantity of carbon dioxide is measured. 

Chromatography is the method of 
choice for the separation of permanent 
gases related to anesthesia, such as ni- 
trous oxide, carbon dioxide, oxygen and 


cyclopropane. The adsorbents may be 
varied. Some are liquid. \Vlien a solid 
adsorbent is used the technique is re- 
ferred to as gas-solid chromatography. 
The katharometer operates a direct writ- 
ing recorder which inscribes a curve on 
a planograph. Quantitation is accom- 
plished by determining the area beneath 
the curve and the base line. A mLxture 
consisting of 3 parts of gas (A), two parts 
of gas (B) and one part of gas (C) in 
which (A) moves faster than (B) and (B) 
faster than (C) will produce the record 
shown in Figure 16,7. A is recorded first. 
The area beneath its curve is 3 times that 
of C and B is twice that of C. 

Limitations and Usefulness 
The purity of a gas may be easily de- 
termini since only one peak or wave 
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will result on the tracing if the gas is 
pure and as many peaks as there are im- 
purities if it is not. The disadvantages of 
the apparatus is that it is bulky and 
cumbersome and does not permit mo- 
ment to moment sampling and cannot be 
used to quantitate gases in liquids. 

Gas chromatography permits the anal- 
ysis of inert gases for which agents to 
absorb them are unavailable and the 
analysis of those u’hose physical charac- 
teristics are too general to permit use of 
physical methods. Nitrogen, for exam- 
ple, is difficult to estimate in a mixture 
of nitrous oxide and oxygen. The chro- 
matograph permits its analysis in the 
presence of any gas. 

MASS SPECTROGRAPHIC METHODS 

Gases may be analyzed by ionizing 
them and noting their behavior in a com- 
bination of an electric and magnetic 
field. The ionization is accomplished by 
using a beam of electrons. The ions of 
such an ionized gas are deflected by 
electrical and magnetic fields. The ioni- 
zation takes place at low gas pressures. 
The ions are accelerated in such a way 
as to form a beam whicli pa.sses through a 
slit into a chamber. In this chamber, they 
are first subjected to the influence of an 
electrical field, after which they pass 
into a magnetic field. The beam is de- 
flected in one direction by the electric 
field as they pass through the slit into the 


analy'zing chamber. They then pass 
through the magnetic field which causes 
them to be deflected in the opposite di- 
rection. B)' using this combination of a 
magnetic and an electrical field the ions 
constituting the beam are separated ac- 
cording to their specific charges. The 
magnitude of deflection depends upon 
the mass and the ratio of the charge on 
the ions. Ions of greater mass are de- 
flected b)' the magnetic field to a less ex- 
tent than the ions of lesser mass. The 
beam of ions is thus spread out into 
space forming the so-called mass spec- 
trum. The mass spectometer permits 
identification and quantitative determi- 
nation of any gas irrespective of the 
number of other gases present. The 
method is specific, positive and ex- 
tremely accurate. The apparatus, how- 
ever, is complex and e.xpensive. Skillful 
technicians are required for its success- 
ful operation. 

MISCELLANEOUS METHODS 
Numerous otlier methods for gas anal- 
ysis are available which at some future 
date may be applicable to anesthesiol- 
ogy. The defection of isotopes of various 
gases used as tracer substances may be- 
come of practical importance. Conden- 
sation methods and distillation methods 
are among those which at the moment 
are of little importance but may later be 
of ser\'icc. 
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RELATIONSHIP OF ORGANIC CHEMISTRY 
TO ANESTHESIOLOGY 

EVOLUTION OF DRUG CHENflSTRV CHEMICAL IMPLICATIONS 


OF DRUG-EFFECTOR 
RESPONSES 


T he aiEMiSTRY of anesthetic drugs 
is largely a study of organic chem- 
istry. Few inorganic compounds are 
suitable for anesthesia. The evolution of 
drug chemistry has been gradual. Until 
recently most available therapeutic 
agents were galenicals or other biologi- 
cal substances whose active principles 
had not been isolated in pure form and 
whose mechanism of action was not un- 
derstood. Many preparations could not 
be studied accurately and with precision 
because they were mixtures whose com- 
position varied from specimen to speci- 
men. As soon as the active principles 
were isolated from their sources and 
their chemical structures were deter- 
mined, their sjmthesis became possible. 
Tlie active principles, then, became 
available in pure form. Later, chemists, 
by modifying the side chains and group- 
ings of these naturally occurring drugs, 
prepared a host of new compounds of 
varying degrees of potency and effec- 
tiveness. Encouraged by the results 
which ensued chemists ventured further 
and prepared compounds differing 
widely in structure from those found in 
nature. Thus, the galenicals and similar 
crude preparations have been pushed 
into the background and synthetic drugs 
now predominate in therapeutics. 


In the older therapeutics attention 
was focused primarily on the over-all 
effect and the end result produced by a 
substance. Little was known concerning 
its mode of action. As biochemistry de- 
veloped and more became known about 
cellular structure and function, attention 
was directed towards the underlying 
mechanism of drug action. The earliest 
bits of evidence suggested that drugs act 
upon specific receptors on or in a cell. 
Thus, attention shifted from the gross 
response of the organism as a whole to 
the effect of drugs at the cellular level. 
As the response of the cell was studied, 
it became apparent that these receptors 
are probably endowed with specific, 
chemical groups and that certain drug 
actions are the results of interaction of 
specific side chains in the compound 
with reactive groups in the receptors. 
Thus, studies of drug action are now 
centered on interactions at the molecu- 
lar level. This turn of events has brought 
biochemistry and organic chemistry to- 
gether in the consideration of the chem- 
istry’ and the action of drugs. No longer 
can one divorce one from the other 
in studying the pharmacological be- 
havior. 
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BIOCHEMOXrORPHOLOGY 

Variations in some grouping or in a 
side chain of a particular drug may alter 
its effects profoundly. Sucli variations 
may enhance, attenuate, or mullify a 
particular response possessed by a drug. 
It was natural that tliis should all lead to 
the development of the branch of phar* 
macology known as biochemomorphol- 
ogy. This field is the study of the rela- 
tionship of chemical structure of drugs to 
biological activity. Wlien attention is di- 
rected primarily to drug action the study 
may be called pharmacochemomorphol- 
ogy. It has been possible, in some in- 
stances, to synthesize compounds willi 
predicted biological activit)'. However, 
for every documented success there are 
scores of undocumented failures in this 
type of endeavor. Apparently, other fac- 
tors besides structure are involved in 
drug behavior, which, at the present 
time, are not clearly understood. 

RECEPTOR SITES AND DRUG 
ACTION 

Early in the study of drug actions it 
became evident that molecules of drugs 
are attracted to and held at specific 
sites or receptors in a cell by forces of 
some sort. This focused attention upon 
the nature of these forces. It then be- 
came apparent that the manner in which 
molecules are arranged in space plays an 
important role in orienting these forces. 
The spatial arrangement of the reactive 
portions of the drug molecule together 
with the molecular configuration of tlie 
receptors in the cell have considerable 
bearing on physiological activity. Mole- 
cules of drugs appear to be accommo- 
dated into certain areas or slots in the 
receptors of the cell. The spatial ar- 
rangement of molecules may be three di- 
mensional as well as planar. The dis- 
tances between active atomic groups in 


a molecule of a drug and groups on the 
cell site coincide. Activity is altered as 
these distances are altered. The distance 
between these active areas on a mole- 
cule is determined to a large extent by 
the number of intervening atoms and 
the forces holding the atom together. 
Discussion of spatial configuration and 
its influence on physiological activity 
will be deferred for the time being and 
will be presented in the following cliap- 
tcr. The manner in which union or bond- 
ing of atoms in molecules occurs will, 
hoxvever, be discussed. 

BONDING 

Tlie union and holding together of 
atoms composing molecules and of mole- 
cules attached to each other is referred 
to as bonding. Four types of forces re- 
lated to reactivity of molecules are in- 
volved in bonding. These are; (1) Weak 
covalent bonding (Chap. 1). Tliis results 
in loose, reversible comple.xes. Strong 
covalent bonding usually results in 
stable, irreversible complexes. An exam- 
ple of this sort of bonding is found when 
sulphydryl (SH) groups of thiol com- 
pounds and arsenical drugs form thio- 
arsenites. The reaction is reversible; 
therefore, the compound dissociates into 
the thiol compound and tlie arsenic de- 
rivative. (2) Ionic bonding. The mole- 
cule dissociates into anions and cations, 
each of which carries a charge in some 
portion of its structure. The active par- 
ticle reacts with a grouping having a 
charge of opposite sign on the receptor 
in the cell. Tubocurarine, the active 
principle of curare, ionizes in solution 
into a basic quaternary ion with a posi- 
tive charge which becomes attracted to 
a negatively charged grouping in the re- 
ceptor. Besides purely ionic particles 
some molecules, though incapable of dis- 
sociation, are constituted so that they 
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behave like ions. They are polar mole- 
cules. In these electrostatic activity may 
be concentrated in one head of the mole- 
cule and thus have an electrical attrac- 
tion for a grouping of opposite charge on 
another molecule or for an ion residing 
in a receptor. (3) Van der Waals forces 
(Chap. 1). All molecules have some at- 
traction for one another as a result of 
the mutual interactions of the electrons 
and nuclei. The nuclei (protons) of one 
molecule attract the electrons of another 
since they are oppositely charged. This is 
partly offset by repulsion of electrons of 
one molecule for electrons of another 
and nuclei of one for nuclei of another, 
since they are of the same charge and 
like charges repel. These forces are 
known as Van der Waals’ forces. Van der 
Waals’ forces increase as the molecular 
weight of a substance increases due to 
the increase in the number of electrons 
and nuclei in the structure. The bonding 
due to Van der Waals’ forces is weak. 
Inert molecules, since they are not ionic, 
weakly covalent or polar, are believed to 
be bonded by Van der Waals’ forces. (4) 
Hydrogen bonding. The hydrogen atom 
is composed of one proton and one elec- 
tron. ^Vllen it loses its electron to be- 
come a hydrogen ion it becomes a bare 
nucleus with a positive charge. The posi- 
tive charge on a hydrogen ion is easily 
attracted towards molecules or atoms 
with a negative charge. A polar mole- 
cule having an unshared electron pair 
attracts the hydrogen ion and holds it 
closely forming a “loose” complex. Tlie 
molecule of water, for example, has two 
hydrogen atoms which are attached 
closely to the oxygen atom. Two pairs of 
electrons are unshared and make water a 
polar substance. Therefore, water at- 
tracts hydrogen ions towards the un- 
shared electrons w’hich are located oppo- 
site the hydrogen atoms. Water, there- 


fore, is capable of taking on four addi- 
tional hydrogen atoms in this manner. 
Tlie bonding holding this complex to- 
gether is known as the hydrogen bond. 
The hydrogen atom, under appropriate 
conditions, may, therefore, be attracted 
simultaneously to two or more electro- 
negative atoms instead of one and there- 
by acts as a bridge or bond beriveen the 
two. Hydrogen bonding occurs with 
other elements. Most frequently it oc- 
curs with the most electronegative ele- 
ments— fluorine, oxygen or nitrogen. This 
bonding is weaker than ordinary bond- 
ing but stronger than the Van der Waals’ 
forces of intermolecular attraction. A 
substance like alcohol may react with 
the solvent water, and bond into a mo- 
lecular particle of far greater size. This 
obviously would have some influence on 
physiological activity since it could 
change its effective size and reactivity 
In the cell. 

RESONANCE 

Another factor of possible importance 
in considering the influence of molecular 
structure on drug action concerns hybrid 
forms of a molecule. 'The chemical prop- 
erties of some compounds indicate that 
their molecules have more than a single 
electronic structure of the valence-bond 
type. If a single electronic structure of 
the valence-bond type is assigned to a 
molecule it does not always represent its 
properties satisfactorily. At times two, 
three or even more valence-bond struc- 
tures appear applicable. A concept 
Called resonance has been introduced to 
explain how this comes about. In this 
concept a molecule of a substance may 
be a hybrid structure of two or more 
valence-bond structures. Various com- 
binations of bonding and sharing of elec- 
trons are possible. A molecule having 
hybrid structures is indicated by \vriting 



238 


Chemislry and Physics of Anesthesia 


the various possible electronic structures 
together in brackets. In the case of car- 
bon monoxide, for instance, three slnic- 
tures of valence-bond type appear pos- 
sible. The resonating structures for car- 
bon monoxide are, therefore, repre- 
sented as follows: 

[^:C=0:j (:Ci=0:I 

The energy les-el in each hybrid differs 
from the other and each resonates with 
the other. The transition from substances 
whose bonding is ionic to those whose 
bonding is covalent is not abrupt but in- 
stead occurs gradually. Some substances 
have covalent bonds but also have a cer- 
tain amount of ionic character. These are 
referred to as covalent bonds with par~ 
ilal ionic character. 

The replacement of an atom on a par- 
ticular molecule by one which alters the 
Intensity of the electrical field may at- 
tenuate or enhance a particular physio- 
logical attribute of a compound by mod- 
ifying its bond strength and its reactivity 
to other substances. Tlie activity of ace- 
tyl choline, for example, is dependent 
upon the ionic bonding between its cat- 
ionic head and anionic grouping in the 
receptor. The conventional designation 
of the acetyl choline ion (R*N)*^ repre- 
sents only one state in a continued re- 
sonance between it and 15 other states 
of lesser charge density. Sixteen hybrid 
structures are possible. Substitution of 
the methyl groups of the cationic head 
of acetyl choline by hydrogen or other 
groups results in a progressive decrease 
in physiologic activity. Tliis is due to a 
loss of charge density with progressive 
substitutions. The effective charge on 
the cationic head thereby is decreased. 
Substitution of ethyl groups reduces 


charge density and attenuates the cho- 
linergic activity of the ion. 

ISOTERES 

Some molecules, even though they are 
dissimilar in structure, have similar elec- 
tronic patterns. Because of this their 
cliemical and physiological responses are 
the same. The concept indicating anal- 
ogous physiological properties between 
a given molecule and others which have 
similar electronic patterns has been 
called hoterism. Such molecules are 
called isoleres. Isoterism may also be 
noted when dissimilar molecules have 
similar shapes or volumes. Tlie central 
atom In the quaternary basic ion which 
reacts with the receptor in neuromuscu- 
lar blocking agents, such as curare, is 
pentavalent nitrogen. Pentavalent arse- 
nic, sulphur or other elements may re- 
place nitrogen witliout loss of this phar- 
macological attribute. The isoterism may 
reside in certain specific links or groups 
of a molecule. Such dissimilar groups 
which manifest similarity of activity 
when interchanged or substituted one 
for another are called isoteric groups. In 
narcotics, for example, an isoteric group 
is present composed of a tertiary nitro- 
gen atom, a dimethylene group, a qua- 
temarj' carbon and a negative electro- 
philic carbon (Chap. 18). Additional fac- 
tors which determine isoterism are the 
number and arrangement of electrons, 
the charge on the isoteric molecule, the 
type of bonding, dipole moments, reso- 
nance and tautomerism. 

REACTIVITY AT RECEPTOR SITES 
Anesthetics are usually referred to as 
volatile or non-volatile. The individual 
members of each of the two groups are 
similar but the two groups on the whole 
differ in pharmacological behavior. Vola- 
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tile drags, in spite of widely differing 
chemical stractures, appear to manifest a 
Unitarian type of response in a given 
type of protoplasm. Volatile anesthetics 
are characterized by an inertness in the 
cell. No specific side chains are present 
on the molecule which react wth cellu- 
lar receptors. They act by some physico- 
chemical mechanism in the cell. Non- 
volatile drags on the other hand respond 
differently. They are reactive with 
chemical groups in the receptors and 
become attached to structures in the cell. 
The ability to respond is nullified if the 
structure of the compound is altered, 
sometimes even in the slightest degree. 
Tliey are believed to carry a particular 
grouping on a molecule which interacts 
with cellular receptors. This grouping 
has been referred to by some as the 
anesthesia-bearing or anesthesiophore or 
hypnophore group. This group becomes 
oriented to and forms a reversible union 
with the appropriate receptor in the cell 
by one of the bonding forces mentioned 
in the previous paragraph. Thus, it seems 
likely that chemically dissimilar sub- 
stances which produce a uniform bio- 
logical response in a given tissue do so 
by some physicochemical mechanism, 
and that compounds which possess a 
grouping or a linkage of similar struc- 
ture or reactivity do so by interaction 
with other active groups in receptors on 
the cell. This is explained in more detail 
in subsequent chapters in the discussion 
of individual groups of drags. 

POTENCY OF DRUGS 
The term potency is frequently used 
in discussions of chemical structure and 


physiological activity of drags. Potency 
must be distinguished from effective- 
ness, Generally, potency refers to the 
number of molecules of a substance re- 
quired to produce a given physiological 
change. Effectiveness is the complete- 
ness of response. Confusion frequently 
results because the term potency is er- 
roneously used to indicate variations in 
effectiveness. Potency is also confused 
with duration of effectiveness. A few 
molecules may be completely effective 
over a short period of time. The com- 
pound is still considered potent. Many 
molecules may produce a partial effect 
over a long period of time. Relatively 
speaking the compound is impotent. 

INTERDEPENDENCE OF 
BRANCHES OF 
CHEMISTRY 

It is obvious from the foregoing dis- 
cussion that it is not possible, when dis- 
cussing drug action, to subdMde chem- 
istry into categories such as inorganic, 
organic, physical, biological and so on. 
The anesthesia process and various 
phases of chemistry are all interwoven 
and cannot be divorced from each other. 
Nonetheless, the chapters in Fart If 
which are concerned principally with 
the chemistry of drugs, are largely or- 
ganic chemistry'. However, the other as- 
pects of chemistry and physics besides 
organic chemistry’ cannot be excluded. 
When indicated, the biochemical and 
physical influence of these compounds 
on cell receptors or their physicochemi- 
cal behavior will also be considered 
along with their general chemical make- 
up. 
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ORGANIC VERSUS INORGANIC 
COMPOUNDS 

M ost centhal nervous system de- 
pressants are organic compounds. 
Notable exceptions are nitrous oxide, 
carbon dioxide, xenon, the salts of mag- 
nesium and the bromides. Practically all 
drugs used for, or as adjuncts to, anes- 
thesia are synthetic. The narcotics, the 
belladonna alkaloids and certain other 
adjvmctvve drugs are active principles 
obtained from plants or glandular tis- 
sues. These, likewise, are organic sub- 
stances. Organic chemistry, therefore, 
plays an Important and significant role in 
anesthesia. 

COVALENT bonding 
O rganic compounds are chemical sub- 
stances containing carbon. The element 
carbon has the valence of 4. It com- 
bines with 4 atoms of a univalent ele- 
ment 2 of a divalent element and in pro- 
portion with elements of higher valence. 
With hydrogen, such a combination re- 
sults in methane, which has the follow- 
ing graphic formula: 

H 

n— i— H 

i 

One hydrogen atom shares its electron 
with one of the electrons of carbon. The 
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two atoms, thus, share a pair of electrons. 
If the electrons are represented by dots 
methane would be represented as fol- 
lows: 

H 

II:C:n 

n 

Tlie bonding in organic compounds is 
comhnt (non-polar). Tlie field of force 
is concentrated between the atoms in- 
stead of being in space. The bonding 
force has a definite direction and specific 
bond angles exist between such carbons. 
The carbon atom possesses the unique 
property of being able to share its four 
electrons with other carbon atoms. This 
type of bonding permits the formation of 
chains containing fifty, sixty or more car- 
bon atoms. These chains may be linear 
or straight, in a ring or cyclic, or they 
may be branched. As the number of car- 
bon atoms increases in a compound the 
molecular weight, obviously, increases. 
In these molecules the electron systems 
of the atoms interpenetrate. The atomic 
nuclei are closer together than in those 
with ionic bonds. Absence of powerful 
fields of electrical forces externally ac- 
counts for many of the physical charac- 
teristics of organic compounds, such as 
low melting point, low boiling point, 
amorphous appearance, low solubility 
and so on. 
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ALIPHATIC HYDROCARBONS 
Compounds containing carbon and 
hydrogen and no other element are 
called hydrocarbons. Straight-chained 
and branched-chained derivates in 
which all the valences are satisfied by 
hydrogen are called alkanes, or paraffinSy 
or simply saturated hydrocarbons. Hy- 
drocarbons of low molecular weight are 
volatile and depress the nervous system 
when inhaled and, therefore, are of in- 
terest in anesthesia. When two carbons 
join together and the rest of the valences 
are saturated with hydrogen, 

ethane results— CHa — CHa 
three, propane— CHj — CHs— CHs 
four, butane— CHs—CHi—CHi—CHs 

five, pentane— CH* — CH: — CHj — CH* — 
CHs 

six, hexane— CHa— CHj— CHj— CHi— 
CHi-CH> 

and so on. Such a series of compounds 
in which the increase in weight is one 
carbon atom plus two hydrogen atoms, 
and in which the same general configu- 
ration is maintained, is called a homolo- 
gous series. 

UNSATURATION 
Double Bonded Compounds 

It is possible for a pair of carbon 
atoms to share two electrons between 
them instead of one. Such bonding is re- 
ferred to as a double bond. Electroni- 
cally, a double bond is represented by 
two dots. The remaining electrons are 
shared with other elements. In the case 
of hydrocarbons the element is hydro- 
gen. The compound is then unsaturated. 
In the usual graphic formula two lines 
are drawn between the carbons to indi- 


cate such unsaturation and the linkage is 
called a double bond. Ethylene, repre- 
sentative of this group, is the simplest 
double bonded hydrocarbon, Hj — C= 
C — H*. As in the case of the saturated hy- 
drocarbons a homologous series forms 
with each successive addition of carbon 
atoms. Propylene, Hr— C^=CH— CHa, is 
the next higher homologue. Butylene 
Hj— C=CH— CHj— CHa, amylene, Hj— 
C=CH — CHr— CHj — CHa are higher 
straight-chained derivatives of a homolo- 
gous series of unsaturated compounds 
known as the alkenes, or olefins. The end- 
ing “enc” on a compound indicates an un- 
saturated compound in contradistinction 
to the ending “one” which indicates a 
saturated compound. More than one 
double bond may be present in an or- 
ganic compound. The ending "diene" 
indicates the presence of two double 
bonds, "triene" three, and so on. Carbon 
atoms are numbered with Arabic numer- 
als from the left end of a chain to the right 
or from the end nearest the most charac- 
teristic group in the structure of the 
molecule towards the right. These nu- 
merals are used to indicate where a 
double bond is placed or where an ele- 
ment or radical is located. In the follow- 
ing six carbon straight chain compounds 
there are two double bonds whose posi- 
tion would be designed as follows: 
2,4,hexadiene CH,— CH=CH— CH= 
CH— CH,. 

Triple Bonded Compounds 

Still greater unsaturation may be pres- 
ent in an organic compound so that two 
carbon atoms may be joined by a triple 
valence linkage. In such a case two car- 
bon atoms share three electrons between 
them. Such a linkage is known as a triple 
bond. Electronically three dots represent 
the bond. Hydrocarbons with triple 
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bonds in tlieir structure are known as 
acetylenes or alktjnes. The simplest of a 
liomologoiis series is acetylene, II— 

C — H, whose structure has two carbon 
atoms and one triple bond. This com- 
pound, like the double bonded com- 
pounds, is capable of further saturation 
with other elements. The addition of 
four more hydrogen atoms converts it to 
ethane. Different alkyncs are formed by 
replacing the hydrogen atoms with vari- 
ous radicals. Their properties depend 
upon the number of carbon atoms and 
triple bonds composing their stntclnre. 
Two triple bonds are indicated by the 
ending “diyne,” three, ''triync” and so 
on. The location of triple bonds is desig- 
nated by numbering in the same manner 
to that used for double bonds. 

CYCLIC COMPOUNDS 

Three or more carbon atoms may unite 
to form a ring-like structure or a cyclic 
compound. When the remaining va- 
lences of such a union arc satisBed by 
hydrogen, a saturated cyclic hydrocar- 
bon or cycloalkane results The simplest 
member of such a homologous scries is 
cyclopropane: 

CH, 

/ \ 

CH: — CIIj 

The next higher member of this series 
IS cyclobutane, then cyclopentane, cy- 
clohexane, and so on. Cyclopropane and 
propylene have the same number of 
carbon and hydrogen atoms in their em- 
pirical formula, CsHa. Compounds which 
hav'e the same composition but different 
structural arrangements and, therefore, 
different chemical properties are called 
isomers. Many of the cycloalkanes aie 
isomeric with the alkenes or olefins. 

Isomerism is also caused by the 
branching of the chains of carbon atoms. 


Butane has, for example, two isomers, 
one called normal or n-butane and the 
other a branclied chain or isobutane. 
The number of possible isomers in- 
creases as the carbon content of a com- 
pound increases. Isomerism is discussed 
in the latter part of this chapter. 

ALKYL RADICALS 

A group of atoms of one or several ele- 
ments may be bonded in such a manner 
that the group acts as a single atom. 
Such a group acting as a unit has va- 
lence and, therefore, shares, donates or 
accepts electrons. Such atom groups are 
referred to as radicals. 

If a hydrogen atom is removed from a 
straight chain saturated or unsaturated 
hydrocarbon, an alkyl radical results. 
Such a radical has a valence of one. It 
may, therefore, be attached in toto to 
another atom, as for example, oxygen, 
nitrogen or sulphur. Radicals cannot ex- 
ist free but may be used to satisfy the va- 
lences of other carbon atoms or other 
elements The radical derived from 
methane is called the methyl radical or 
group (— CHa); that from etliane, the 
ethyl group (— propane, propyl 
(— C.Hf); butane, butyl CjH«), pen- 
tane, pentyl or amyl (— CsHn), and so on. 
If the radical is derived from a branched 
chain hydrocarbon, the prefix "iso” is 
placed before the name of the radical as 
happens, for e.xample, in the case of the 
isopropyl group. Radicals may also be 
derived from unsaturated hydrocarbons. 
That derived from etliylene or ethene 
would be called ethenyl, HjC=CH — ; 
tlial from propylene propenyl, H 2 C== 
C— CHs— , butylene, hutenyl, Hs— C= 
CH — ClIjCHs — and so on up the series. 
Tlie position of the double bond is indi- 
cated by placing the Arabic numeral of 
the carbon atom from vvliich the bond 
originates before the name of the radical. 
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as for example, 2 butenyl, Hs — C — CH= 
CH~CH 2 — . Radicals containing triple 
bonds are also known. The radical de- 
rived from etli}me or acetylene is desig- 
nated as ethym/l, H— C=C-~; propyne 
or methyl acetylene, propynyl, HC^C — 
CHs — and so on. 

CLASSIFYING ORGANIC 
COMPOUNDS 

Organic compounds may be subdi- 
vided into four major classes— the ali- 
phatic, alicyclic, aromatic, and hetero- 
cyclic. 

Aliphatic compounds are saturated 
and unsaturated straight- and branched- 
chain compounds. Alicyclic compounds 
have one or more closed rings of carbon 
atoms. Aromatic compounds contain a 
special type of 6 membered ring known 
as the benzene ring. Heterocyclic com- 
pounds are closed cyclic structures con- 
taining other elements besides carbon in 
the ring, 

Aromatic Compounds 

The six membered, fully saturated hy- 
drocarbon is kno\vn as cyclohe.xane. 


Hj 



H. 


This is an alicyclic compound which has 
many properties of an aliphatic com- 
pound. Each carbon atom has two hy- 
drogens. However, if each carbon were 
allocated one hydrogen apiece instead of 
two, the aromatic hydrocarbon benzene 
would result. Three double bonds would 
then be present in the molecule. Tlie 
presence of three double bonds would 
suggest that the compound is highly un- 
saturated. However, many of the reac- 
tions of benzene are not those of an im- 


saturated hydrocarbon. The carbons 
apparently are bonded together in an 
unusual manner. This bonding confers 
special properties to it and aromatic 
compounds which are derived from it. 
Its structure is designated by a hexagon 
with three double bonds at alternate 

carbons, ^ , Sei^eral benzene 

rings may join together to give higher 
molecular weight aromatic hydrocar- 
bons. Two rings placed side by side form 
naphthalene. 



three anthracene, 



or Its isomer, phenanihrene. 



A hydrogen from one carbon of the 
benzene ring may be removed to form 
the phenyl radical 

Radicals derived from benzene or its al- 
lies are termed aryl or aromatic radicals. 

Heterocyclic Compounds 

Although any element may enter into 
the formation of heterocyclic com- 
pounds, the most common elements tak- 
ing part in such formation are sulphur, 
nitrogen, and oxygen. Four carbons 
joined with oxygen, which is bivalent, 
sulphur, %^'hich is bi^’alcnt, or nitrogen. 
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which is tri- or penlavalent, yield the 
following five-membered rings 



I 

H 

Furan Thiophene Pyrrole 

If one carbon in the benzine ring is sub- 
stituted by nitrogen, pjTidine forms. 



If the ring is completely hydrogenated, 
piperidine forms. 



II 

Piperidine 

Both these structures are important in 
the makeup of compounds used in an- 
esthesia. One carbon of one ring of 
naphthalene replaced by nitrogen results 
in quinoline 



which is also important in anesthesia. 

RADICALS AND SIDE CHAINS 
Combinations of members of these 
four basic classes make possible hun- 
dreds of compounds. This comes about 
by the removal of a hydrogen atom from 
one of the carbon atoms to form a radi- 
cal. This radical is placed in toto on some 


position. Thus, an alicyclic, aromatic or 
heterocyclic compound may form a radi- 
cal which is substituted on an aliphatic. 
Piperidine, for example, forms the piper- 
idyl radical; naphthalene, the naphthyl 
radical. On the other hand an aliphatic 
radical may replace a hydrogen on an 
alicyclic, aromatic or heterocyclic com- 
pound. Examples would be ethyl cyclo- 
propane, ethyl benzene and ethyl piperi- 
dine. Radicals placed upon the main or 
parent compound are referred to as side 
chains. 

Certain radicals confer specificity to a 
structure in which they appear causing 
any compound having this particular 
grouping to react in a given manner 
when subjected to various tests. The car- 
boxyl group, for example, confers acidic 
properties to an aliphatic, alicj'clic, aro- 
matic and heterocyclic structure. This 
group confers upon the compound the 
property of forming salts, and esters and 
water solubility. These radicals since 
they confer specific traits, serve to clas- 
sify organic compounds. The hydroxyl 
(OH) group converts aliphatic, alicyclic, 
or heterocyclic compounds into alcohols; 
the aromatic hydrocarbons to phenols. 
The aldehyde group (CHO) converts all 
types into aldehydes; the carboxyl 
(COOH) into organic acids; the amino 
group (NHs) into amines; the carboxyl 
(CO) into ketones; and so on. Several of 
these radicals may appear on a particu- 
lar structure, each one conferring its own 
specific properties to the molecule inde- 
pendent of the other. Morphine, for e.t- 
ample, has two hj’droxyl groups, an o.xy 
group and an amino group. The com- 
pound has the properties of an amine 
which makes it basic, a phenol, an ali- 
eyclic alcohol and an ether. Halogens, 
particularly chlorine and bromine, may 
replace hydrogens and convert aliphatic 
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(I hydrocarbons into haloalkanes which 
i are important anesthetic drugs. Ally] or 
t aryl groups may satisfy the valences of 
• asygen, resulting in organic oxides or 

1 ethers, as exemplified by diethyl oxide, 

2 C'Hi — O — CsHs. Thio ethers form when 
c the valences of sulphur are so satisfied. 
y These radicab and the compounds they 

> form will be discussed in subsequent 
t chapters. 

^ ISOMERISM 

Types of Isomerism 

, Ordinarily the graphic formulas de- 
( pict a molecule as being flat in one 
[ plane. Actually a molecule is arranged in 
f space in three dimensions. The arrange- 
ment of the various side chains in space 

> has considerable influence on pharma- 
cological activity of a compound. This is 

i particularly the case in certain isomers. 
There are two types of isomerism. In 
one type two or more compounds have 
the same empiric formulas but different 
structural formulas. This type is called 
structural isomerism. Isomers of this type 
are usually totally different from each 
other in physical, chemical and pharma- 
cological properties. The other form of 
isomerism is knoNvn as stereoisomerism. 
In this form the structural formulas of 
the compounds are the same but the ar- 
rangements of the atoms in space are 
different. Two varieties of stereoisomer- 
ism are lvno^vn, one known as optical iso- 
merism and the other kno\vn as geomet- 
ric or spatial isomerism. 

Optical Isomerism 
Optical isomerism is caused by the 
presence of an as}Tnmetric carbon atom 
on a molecule. An asymmetric carbon 
atom is one in which each of the four 
atoms or groups of atoms (radicals) satis- 
fying the four valences of the carbon 


atoms is different from the other. Such an 
atom causes plane polarized fight passing 
tlirough the substance to rotate from tbe 
vertical axis. This rotation may be to the 
right or to the left. Compounds which 
rotate plane polarized light to the right 
are called dextro isomers; those which ro- 
tate the plane of fight toivards tlie left are 
called leco isomers. An equimolar mix- 
ture of the riv'o isomers causes each to 
neutralize the other and no rotation oc- 
curs. Such mixtures are called racemic. 
Optical isomerism is noted in many nat- 
urally occurring substances of plant and 
animal origin. The subject is dealt ^\’ith 
in more detail in Chapter 20. 

Geometric Isoxeemsm 

Geometric isomerism (also geoisomer- 
ism) is found when two carbon atoms are 
held together by a double bond. The}’, 
thus, cannot rotate freely about their 
mutual a.xis. Tbe presence of two unlike 
substituents on each of the carbon atoms 
held together by the double bond gives 
rise to two different spatially arranged 
structures as the following structure il- 
lustrates: 

I I I 

H— C=C— H HC=C— H 

I 

R* 

Geoismerism is often referred to as 
cis-trans isomerism. It is neither associ- 
ated with optical activity nor with the 
presence of an asymmetric carbon atom. 
\Vhen each of the dissimilar groups are 
both on one side of the double bond the 
compound is called the trans-form; when 
one is on one side and the otlier on the 
opposite side it is tlie cis-form. Usually, 
when such isomerism is demonstrated, 
the two resulting substances are referred 
to as the alpha or beta forms. Steroids 
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and certain alkaloids manifest this Ij^pe 
of isomerism. 


Keto-enol Isomerism 


A certain form of isomerism whidr 
should correctly be classed under struc- 
tural isomerism but is often treated as a 
separate entity is referred to as kclo-enol 
isomerism. In certain molecules contain- 
ing a carbonyl (C=0) group, hydrogen 
atoms manifest a certain ability to shift 
from adjacent atoms to the carbonyl 
group. The hydrogen becomes attached 
to the oxygen and the carbonyl group is 
converted to a hydroxyl. A double bond 
develops between the atom losing the 
hydrogen atom and the carbon atom re- 
cently possessed of the oxygen atom to 
which the hydrogen becomes attached. 
Thus, tlie compound exists either as a 
saturated ketone or an unsaturaied hy- 
droxyl isomer, eacli of wluch is relatively 
stable and readily interconvertible. Tins 
form of isomerism is encountered in the 
ureides, particularly the barbiturates. 
Tliis form of isomerism is also referred 
to as tautaumerism. The relationship 
may be depicted as follows: 


— NH — N 

0!=J "^C-OH. 

/ / 

— NH — NH 


ous groups of a molecule lias consider- 
able bearing on the physiological activ- 
ity of a substance. Molecules may be ar- 
ranged so that their atoms are in a single 
plane in a straight line. They may also 
be arranged in a single plane but the ar- 
rangement may not be linear. Tlie mole- 
cule of water, for example, is bent at an 
angle. Cyclic structures Iike^vise may be 
in a plane. However, there may be a 
strain at bond angles, so that the mole- 
cule is distorted and no longer planar but 
three dimensional. A six member ring, for 
example, could be bent so that its angles 
attempt to come together and the con- 
figuration would resemble a boat, or if 
the angles tend to spread apart they 
resemble a chair (Fig. 1.9). It may be 
possible that such configurations may 
influence drug action by modifying at- 



Other Spatial CoNFicimATioN 
The conventional manner of expressing 
the structure of organic compounds by 
graphic formulas depicts the arrange- 
ment of the atoms and radicals of a sub- 
stance and their relationship to each 
other in one plane only. Such structural 
formulas do not indicate tlie absolute po- 
sition of different groups and side chains. 
It is being recognized more and mote 
that the spatial arrangement of the van'- 
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tachment at receptors. More light is be- 
ing shed on this aspect of chemistry by 
the precise methods of measuring atomic 
distances and determining spatial ar- 
rangement of atoms by newer methods 
which have been recently developed. 

CLASSIFICATION OF ANESTHETIC 
DRUGS 

Central nervous system depressants 
are classified in a number of ways. Clini- 
cians classify them according to the 
route of administration, such as inhala- 
tional, intravenous, rectal and so on. 
Pharmacologists usually refer to them as 
being volatile and non-volatile depend- 
ing upon whether or not they may be ad- 
ministered by inhalation or by routes 


other than inhalation. They also, at 
times, refer to the chemical grouping to 
which they belong, as for example, ali- 
phatic alcohols, halogenated hydrocar- 
bons, acids, ethers and so on. No classi- 
fication embodies an all-inclusive de- 
scription of a particular compound in a 
group. One must, therefore, select the 
term which best conveys the desired 
connotation. In this text compounds 
manifesting a central depressant action 
will be divided into aliphatic and non- 
aliphatic groups. The aliphatic com- 
pounds are subdivided into hydrocar- 
bons, alcohols, aldehydes, ketones, eth- 
ers, adds and esters. Classification of 
non-aliphatic compounds is described in 
Chapter 16. 



CHAPTER 10 


Hydrocarbons 


TYPES OF HYDROCARBONS WITH 
ANESTHETIC ACTIMTY 

T iie only organic gases possessing 
anesthetic properties which are 
used clinically are aliphatic or alicycUc 
hydrocarbons. Aromatic hydrocarbons 
are not anesthetic. Most volatile, ali- 
phatic and alicyclic hydrocarbons are 
pharmacologically-active substances and, 
as a general rule, depress the central 
nervous system. The less volatile com- 
pounds wliich are sufGcicntly soluble to 
be absorbed also depress the nervous 
system. Hydrocarbons are inert in the 
body and undergo no chemical changes. 
Aliphatic hydrocarbons are eitlier satu- 
rated 01 unsatuiated. Saturated hydro- 
carbons do not interact witli many re- 
agents. Alkalies and acids exert no effect 
upon them. They, likewise, do not react 
with oxidizing agents, such as dichro- 
mate-sulphuric acid mixtures, perman- 
ganates, and chlorates. The lower mo- 
lecular weight members of a IjomoJogous 
series are gases. Compounds composed 
of six or seven carbon atoms are low 
boiling point liquids, while higher molec- 
ular weight compounds tend to be semi- 
solid and solid substances (paraffins). One 
or more hydrogen atoms of a saturated 
hydrocarbon may be replaced by a halo- 
gen to yield an all^l halide. Haloalkanes 
or halogenated hydrocarbons, as they are 
called, are important in anesthesia 
(Chap. 15). Unsatuiated hydrocarbons 


are more reactive chemically than satu- 
rated by virtue of the double or triple 
bonds. They are easily oxidized, add 
halogens, and enter into numerous 
chemical reactions not common to satu- 
rated substances. Triple-bonded hydro- 
carbons, as for example acetylene, tend 
to be more reactive tlian the saturated 
compounds. Hydrocarbons, in general, 
are poorly soluble in water (lipophobic) 
but highly soluble in lipoids (lipopbllic) 
and miscible with many organic solvents 
(see narcotic potency. Chap. 27). As a 
general rule, water solubility of a hydro- 
carbon decreases as the molecular 
weight increases. 

RELATIONSIHP OF STRUCTURE TO 
POTENCY 

Many individual hydrocarbons in the 
aliphatic and aromatic series have been 
studied for narcotic potency. Methane, 
the simplest member of the saturated 
homologous series, was studied by Rich- 
ardson (1867) who claimed it to be an 
effective anesthetic in animals. Subse- 
quent investigators have been unable to 
obtain satisfactory anesthesia with con- 
centrations as high as 87%. Richardson 
studied ethane also. This, too, is not a 
satisfactory anesthetic. Propane was 
studied by Brown and Henderson. They 
noted that concentrations of 93% or more 
were necessary for anesthesia. Butane, 
isobutane, and pentane were studied by 
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Stoughton and Lamson and found to be 
unsatisfactory. Saturated gaseous hydro- 
carbons may be disregarded since they 
are feeble anesthetics of no clinical value. 

Effects of Unsaitjbation 

The introduction of double bonds into 
a hydrocarbon increases both potency 
and margin of safety. Unsaturation in- 
creases water solubility of a hydrocar- 
bon while at the same time it maintains 
its lipophilic properties. This may have 
a bearing on increased potency. Thus, 
ethane is not satisfactory as an anes- 
thetic but ethylene, its unsaturated 
counterpart, is quite satisfactory and is 
used clinically. The introduction of a 
double bond into propane forms propyl- 
ene. This is more potent than ethylene 
as an anesthetic. Butylene is also more 
potent than butane. Triple bonds in- 
crease the potency still more. Acetylene 
is more potent than ethylene. 

Cycuc Versus Straiciit Chaev 
Compounds 

Cyclic compounds, excluding aro 
matic derivatives, are more potent than 
their straight chain counterparts. Cy- 
clopropane is more potent than propane. 
It is also more potent and less toxic than 
its isomer, propylene. A comparison of 
the anesthetic potency of hydrocarbons, 
their relationships to their chemical 
structures is summarized in Table I.IO. 

Generaleations Conceuninc Srauo 
TURE AND Potency 

The following generalizations may be 
made regarding the relationship of struc- 
ture, chemical properties and physiologi- 
cal activity' of hydrocarbons. Volatility', 
water solubility, and flammability de- 
crease as molecular weight increases. 
Volatility and solubility of brauched- 


^9 

chain hydrocarbons are less than those 
of straight-chain isomers. Narcotic po- 
tency’ increases in each homologous se- 
ries as the number of carbon atoms in- 
creases. The margin of safety is usually 
narrowed as molecular weight increases. 
Lipoid solubility increases with molecu- 
lar weight. The oil/water partition co- 
efficient becomes larger as molecular 
weight increases. Narcotic potency in- 
creases as the degree of unsaturation in- 
creases. Branching in an aliphatic chain 
causes a decrease in potency and an in- 
crease in toxicity. Increased nerv’ous ex- 
citability, characterized by twitching of 
muscles, an increased irritability of car- 
diac automatic tissue, characterized by 
arrhythmias, and abnormal respiratory’ 
patterns, characterized by hyperpnea or 
gasping, are some of the manifestations 
of toxicity of higher molecular weight 
compounds. The range of flammability 
is greater with the lighter compounds. 
Hydrocarbons are inert in the body and 
are eliminated unchanged. Exceptions to 
the above generalizations do occur, of 
course. 

Cyclopropane and ethylene are the 
only two hydrocarbons of the many 
which have been studied which are pres- 
ently employed in clinical practice. Pro- 
pylene, acetylene, and amylene have 
been tried in man but have been aban- 
doned because of toxic effects, particu- 
larly on the cardiovascular system. A de- 
tailed discussion of individual hydrocar- 
bons follows. 

ETHYLENE 

History 

Although ethylene was discovered by 
Becher in 1669, its anesthetic properties 
xvere not adequately described until 
1923 when Lucliardt and Carter, of Chi- 
cago, and Brown and Henderson of To- 



TABLE 1.10 

The Gaseous anu Volatile liiqtRD IlroaocAnBONS Which Have Been 
Investigated tor Anebtiietic I’BorERTiES 


Od/lItO 

CoeJJ. 


EfftcU and Remarks 


Saturated 

Methane 

Ethane 

I'ropano 

Butane 

I«obutane 

Ncopentane 

Unsaturaled 

{Olofiiies) 

Elhi/Une 

Propylene 

Butylono (} 
Butylene y 


Amylenc 


Allcnc 

Butadiene, 1:3 

Arelylenes 

Acetylene 

Allyfene 

Cyclic 

Cyclopropane 


Cyclobutane 

Cyclopentane 


OIL 

C,li, 

C,H, 

C.H.o 

(cn,),cn 

(Cir,).a 


H,C==CH, 

ii,c=cii— cir, 

H,C’=CH— CH,-CH, 
CHr-CH=CH— CIU 
lI,C=C=(CH,)j 

CII, CHi 

w 

\n, 

cir^c*=cir, 

CII»=C!ICn»=CHi 


CII, — cn, 

CIIr-CH, 

iitf-Air, 

CII, — cir, 


cif, 

Cllr-Cll, 

CII, CII. 

1 VI 

.rv 

CII, 


Methyl cyclo- 
propane 


Dunethyl cyclo- 
propane 


A..: 

CIIr-CH' 


\. 


:n, 


II C^CH, 
CH,^C^| 

'^L 


20-36 

I0-J5 


Not efTective 
Not efTective 
Not efTective 
Not efTective 
55% lethal, circulatory 
depression 

Same ns other alkanes 


EffecUie cUntcatly 
Circulatory depression 
Circulatory depression 
Circulatory depression 
Respiratory <Sc circula- 
tory depression 

Circulatory depression 


Margin of safety nar- 
row 

Respiratory and circu- 
latory ciisturluncea 

Useful on man 
EJfeelit'e elinieally 
Effeetne elmteally 

Toxic 
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TABLE I.1&— Coni. 


A'ame 

Struciiire 

J/.IT. 


Coeg. 

CoTic. for 
Anes. VoU ' 
% ^ 

Egecls and Remarks 

Trimethyl cy- 
clopropane 

II 

'^C— CH. 




7 

Toxic 


ronto investigated its pharmacological 
activity in man and animals. Ethylene Is 
still used in many parts of the United 
States. Its use would be more widespread 
if clinicians did not fear the explosion 
hazard which attends its use. 


Prepabation 

Ethylene Is one of the constituents of 
natural gas. It is the simplest member of 
the olefin series. Two carbon atoms are 
linlced by a double bond. Ethylene adds 
two atoms of hydrogen to form ethane, 
its saturated homologue. This reaction 
is catalyzed by nickel or platinum. 


H H H H 

II Ni ) I 

II— C=c— H + H, — H— C— 6-H 


Ethylene may be prepared in one of 
several ways. In the laboratory it may 
be prepared by interacting ethyl bromide 
with alcoholic potassium hydroxide. Hy- 
drogen bromide is removed and the iin- 
saturated linkage results. 

Ethylene to be used for anesthesia is 


phoric acid at 150°C. or above. The re- 
action is expressed as follows: 


1 H,S04 I 1 

-C— OH ►H— O==O-H+Hj0. 


Ethyl ether forms at lower temperatures 
if sulphuric acid is used. Tlie alcohol may 
also be dehydrated by passing it with 
superheated steam at 360®C over alumi- 
num oxide or other catalyst. The dehy- 
dration of ethyl ether by concentrated 
sulphuric acid also yields ethylene. The 
process of preparing the gas is known as 
the Cotton process. 

Ethylene may also be prepared from 
natural gas by “cracking." “Cracking” 
is the breaking of large hydrocarbon 
molecules into several molecules of lower 
molecular weight using heat and pres- 
sure. Propane may be "cracked” to etb)']- 
ene and methane. The reaction is as 
follows; 

C,H*-»CH4T +H*C=CHj1 


H H H H 

) I KOH I 1 
II_C— c— Br »H— C=<J— H-PKBr-HHjO. 


prepared by dehydrating ethyl alcohol Olljer hydrocarbons may be used for 
\\nlh concentrated sulphuric or phos- “cracking” also. 
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Physical Fropeutics 

Ethylene is a colorless, flammable gas 
whose odor has been variously described 
as sweetish, musty, nauseating, ethereal, 
pungent and foul. The odor depends to 
some extent, upon the source of the gas 
and its accompanying impurities. Pure 
ethylene has a sweetish, ethereal odor. 
Tlie gas prepared by "cracking*' may 
have stronger and more disagreeable 
odors than that prepared from alcohol 
unless it is absolutely pure. The molecu- 
lar weight of ethylene is 28.03. Tlie gas is 
somewliat lighter than atmospheric air, 
having a specific gravity of 0.978 (air 
= 1). It diffuses quickly when it escapes 
into air and tends to float upward. Ethyl- 
ene may be compressed to a liquid 
(B.P. 102-105" C.) and cooled to a solid 
(M.P. — 181®C.). The pressure required 
for liquefaction is 42 atmospheres at 
O^C. and 60 atmospheres at lO^C. The 
gas used for anestlresia is stored in the 
ordinary type of hollow steel cylinder. 
Since the critical temperature is lO^C. it 
is not liquid at room temperature. The 
viscosity is 100.8 micropoises at 25"C. 

SOLUBILITV 

Ethylene is sparingly soluble in water. 
As is tlie case >vith other gases, solubility 
decreases as temperature increases. At 
0°C. one volume dissolves in 4 of ^vater; 
at 25°C. one volume in 9 volumes; and 
at 37°C. 0 09 volumes in 1. Tlie gas is 
highly soluble in the common organic 
solvents and in lipids. One volume dis- 
solves in 0.05 volumes of ether at 
15.S°C., one part in 0.5 volumes of alco- 
hol at 25°C. The solubility in natural oils 
and fats is of interest as it may serve as 
an inde.x of possible solubility in body 
lipids. Ethylene is a lipophilic anesthetic 
drug. The coefficient of distribution be- 
tween olive oil and water is 14.4 at 


37.5®C. Tire distribution coefficient for 
olive oil and blood Is 9.3 at 37.5®C. Hie 
solubility in blood is greater than In 
water. 


Chemical Behavior 


Ethylene, because of its double bond, 
is more reactive than its saturated homo- 
logue, ethane. Besides hydrogen, ethyl- 
ene may also add halogens, various 
acids, and other substances. Such addi- 
tion reactions remove the double bond 
and form a saturated compound. Hydro- 
bromic acid adds directly to form ethyl 
bromide; sulphuric acid forms ethyl hy- 
drogen sulphate. This latter reaction 
with sulphuric acid is important because 
it is employed to absorb tlie 


HjC=CII, -!- H:SO, 


H H 

H-cil-i-II 

i iso. 


gas in volumetric analysis. This addition 
of the hydrogen sulphate group does not 
occur as readily with ethylene as it does 
with higher molecular weight olefins. 
One part of ethylene is required for eacli 
thirty parts of acid to carry the reaction 
to completion so that ft fs quantitative. 
The addition is facilitated by saturating 
the acid with salts of metals, such as 
those of nickel or silver. 


Response io Permanganates 
When ethylene is passed through a 
neutral potassium permanganate solu- 
tion, it is converted into a water-soluble 
compound called ethylene glycol. Two 
Iiydroxyl (OH) groups add to each car- 
bon atom. The double bond is lost: 
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This reaction, characteristic of all light- 
weight olefins, does not occur with satu- 
rated and alicyclic hydrocarbons. The 
higher molecular weight olefins react 
with alkaline permanganate solutions to 
form higher molecular weight glycols. 
The glycols are ultimately oxidized to 
carbon dioxide and water, depending 
upon temperature and concentrations of 
the reacting agents. Ethylene is stable 
to^vards alkalies. It, therefore, undergoes 
no reaction when exposed to soda lime or 
barium-lime mixtures. 

Uses 

Ethylene is used for many purposes 
other than anesthesia. It is used for 
ripening fruits, as a fuel for torches for 
welding metals and as a starting material 
for many organic products. TJie purest 
grade is not necessarily used for indus- 
trial purposes. For anesthesia, however, 
the ethylene must be of the utmost 
purity. The favorite method of prepara- 
tion is by the dehydration of alcohol. The 
acids and the alcohol must be of pure 
grade. The temperature and pressure 
must be rigidly controlled. As soon as 
the gas forms, it is cooled to remove 
alcohol, moisture, and any ether which 
may form. It is then passed through 
towers, washed with water, dried and 
cooled and compressed to a liquid at a 
pressure of approximately 2000 pounds 
per square inch. The liquid is allowed to 
boil and the vapor is packed in cylinders. 
The color adopted by the U. S. Bureau 
of Standards for ethylene cylinders is red. 

Impuiuties 

Tlie impurities found in ethylene are 
either contaminants of manufacture or 
some accidental adulteration or decom- 
position subsequent to purchase. The im- 
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purities of manufacture are alcohol, al- 
dehydes, ether, oxides of sulphur or phos- 
phorous, nitrogen, oxygen, carbon di- 
oxide, carbon monoxide, olefins, various 
paraffins, or acetylene. The type and 
amount depend upon the method of prep- 
aration. The United States Pharmacopeia 
recommends various tests for detection 
of impurities. A liter of the gas passed 
through 50 ml. of saturated barium hy- 
droxide at the rate of two bubbles per 
second gives a white precipitate if car- 
bon dioxide or sulphates are present. 
Bubbling a sample through an aqueous 
solution containing methyl red or other 
indicator of same pH range detects im- 
puriries of an addic nature. Their color 
should not change. The oxides of sul- 
phur, particularly the dioxide, are formed 
when sulphuric acid has been used as 
the dehydrating agent in manufactiue. 
These react with water to form acids 
and cause the color of tlie indicator 
to change. The gas may be bubbled 
through ammoniacal silver nitrate to de- 
tect hydrogen sulphide. A black precipi- 
tate of silver sulphide forms. Hydrogen 
sulphide may form if sulphuric acid is 
used as the dehydrating agent. Alde- 
hydes cause a black precipitate of metal- 
lic silver to form due to the reducing 
action of the aldehyde group. Phosphine, 
which may form when phosphoric acid is 
used as a dehydrating agent, likewise, 
gives a positive reaction with the silver 
reagent. The precipitate in this instance 
is white, however. Ethylene made by 
"cracking” may be contaminated by 
traces of acetylenes. These yield precipi- 
tates when passed into aqueous solutions 
of salts of heavy metals, such as mercury, 
copper and silver. Tlie resulting com- 
pounds are known as acet)’L'des. Acetyl- 
enes also form a white precipitate uith 
die silver nitrate reagent. 
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Carbon Monoxide 

One of the most dangerous contami- 
nants of ethylene is carbon monoxide. 
Slight traces of carbon monoxide form 
as a by-product of manufacture, particu- 
larly when the “cracking” process is em- 
ployed. Carbon monoxide has an afEnity 
for hemoglobin three hundred times that 
of oxygen and forms a stable complex. 
The complex has a bright pink color. 
Once the carbon monoxide hemoglobin 
forms the complex is dissociated witli 
difSculty. Therefore, the presence of 
even a minute trace, particularly if in- 
haled over a considerable length of lime 
causes a high proportion of the available 
hemoglobin to be bound and unavailable 
for carr}’ing oxygen. Consequently, an 
individual may become asphyxiated 
gradually without the appearance of 
cyanosis. Moreover, the presence of car- 
bon monoxide hemoglobin in blood pre- 
vents the release of oxygen from what- 
ever hemoglobin remains to carry oxy~ 
gen. Carbon monoxide is removed from 
ethylene during purification by compres- 
sion. The ethylene is compessed to a 
liquid at a pressure insufficient to liquefy 
carbon monoxide. The liquid is then 
drawn off and the gaseous carbon mon- 
oxide remains behind. 

Carbon monoxide may be detected in 
ethylene qualitatively by e.xposlng a 
quarter of a liter of the gas in a flask to a 
solution containing hemoglobin. The 
hemoglobin solution is prepared by add- 
ing 2.5 ml. of blood to 50 ml. of distilled 
water in which have been dissolved 50 
mgm. of a mixture of equal portions of 
tannic and pyrogallic acids. Reduced 
hemoglobin and oxyhemoglobin are con- 
verted to various bro\vn pigments when 
they react with the tannic and pyrogallic 
acids. The carbon monoxide hemoglobin 
complex is more stable than oxyhemo- 


globin and docs not react with the re- 
agent and retains its pink color. Tliis can 
be observed in the supernatant fluid after 
the mixture stands. A control test should 
be performed simultaneously with a car- 
bon monoxide free sample of air for com- 
parison. This reaction may also be used 
to determine the carbon monoxide quan- 
titatively. The pink color of the super- 
natant fluid of the unkno\vn is matched 
in a colorimeter witli a standard pre- 
pared by exposing a known concentra- 
tion of carbon monoxide to a given vol- 
ume of reagent. 

Carbon monoxide may be determined 
volumetrically using the Orsat or similar 
type of volumetric gas analyzer (Chap. 
7). Oxygen must be absorbed first with 
a reagent, such as pyrogallic acid, Ethyl- 
ene Is then absorbed with concentrated 
(fuming) sulphuric acid. The carbon 
monoxide may be absorbed by an aque- 
ous ammoniacal solution of cuprous 
chloride. Slight errors are introduced in 
this method because concentrated sul- 
phuric acid may oxidize some ethylene 
to carbon monoxide or even to carbon 
dioxide. The quantities formed are in- 
significant. However, if precision is de- 
sired silver hydroxide may be used as 
the reagent instead. This converts car- 
bon monoxide to carbon dioxide. Metal- 
lic silver forms which can be weighed 

Nitrogen may also be a contaminant 
of ethylene. Nitrogen is such an inert gas 
that it is difficult to detect it in ethylene 
xvith simple apparatus. Its presence is 
objectionable because it dilutes the eythl- 
ene and decreases its effectiveness. If 
appreciable quantities are present nitro- 
gen may be determined quantitatively 
as the residual gas using Orsat appa- 
ratus. The ethylene, oxygen, carbon di- 
oxide and carbon monoxide must be ab- 
sorbed with appropriate reagents. The 
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gas chromatograph, which has been em- 
ployed successfully in the petroleum in- 
dustry for determining impurities in 
hydrocarbon products, may be used for 
determining the purity of anesthetic hy- 
drocarbon gases, such as ethylene, cyclo- 
propane and so on (Chap. 7). The ad- 
sorption column separates all the com- 
ponents of a mixture and graphically 
portrays as peaks on the record for each 
component in a gas. Pure ethylene 
would give one peak. The presence of 
contaminants would give a peak for each 
contaminant. 

Blood Concentrations 
The concentration of ethylene in blood 
may be determined using the mano- 
metric apparatus of Van Slj’ke and Neill 
or the iodine pentoxide train. If the Van 
Slyke is used determinations may be 
performed simultaneously with deter- 
minations for oxygen and carbon di- 
oxide. However, no other volatile anes- 
thetic may be used along with ethylene; 
otherwise errors are introduced. The 
ethylene is measured as the residual gas 
after the carbon dioxide and oxygen have 
been absorbed, Seevers and Waters have 
prepared a table of coefficients from ex- 
perimental data which may be used for 
computation. The pressures of the resid- 
ual gases are multiplied by these fac- 
tors to obtain the concentration of ethyl- 
ene in milligrams per 100 ml. of blood 
or other fluids. 

Tlie gas chromatograph which has 
been recently introduced into anesUiesia 
research wll probably replace all these 
methods since it can partition and quan- 
titate each member of a mixture of gases 
(Chap. 7). 

Adsorption and Elimination 

Ethylene is not altered chemically in 


the body. It is, therefore, eliminated un- 
changed by exhalation from the lungs. 
A slight amount (approximately 0.(X)19 
mgm. per sq. cm. per hour) diffuses 
through the skin of man. Small amounts 
are lost through the kidney and gastro- 
intestinal tract. Although practically all 
the ethylene in blood disappears within 
two minutes, traces are detectable in 
blood for several hours after recovery. 
This persistent trace is due to the slow 
elimination from the fatty tissues for 
which the gas has a great affinity. 

Diffusion of ethylene from isolated 
lung lobules with occluded bronchi re- 
quires thirteen to twenty-nine minutes. 
Air under similar circumstances requires 
sixteen hours. Approximate!)' two and 
one-half times as much ethylene is car- 
ried by the red cells as is carried by the 
plasma during anesthesia. The inhaled 
concentration necessaiy for surgical an- 
esthesia in man is approximately 80S to 
85%. This mixture exerts a partial pres- 
sure in the alveoli of approximately 650 
mm. Hg. The concentration in whole 
blood during surgical anesthesia in first 
plane of the third state averages be- 
tween 120-180 mgm, per 100 ml. of 
blood. 

Diffusion through Rubber 

Ethylene, like oxygen and carbon di- 
oxide, diffuses tlirough rubber. The rate 
of this diffusion is slightly faster than 
that of oxygen but only one-fourth that 
of carbon dioxide. Ethylene also dis- 
solves in the rubber as do many other 
hydrocarbons. 

Flammabilitt 

Ethylene issuing from a gas jet bums 
with a slightly luminous flame. Mixtures 
of ethylene and oxj'gen and air are in- 
stantly combustible when ignited by 
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sparks and naked flames. Violent explo- 
sions result under such circumstances. A 
mixture whose composition ranges from 
3.5% to 15% ethylene \\’ith air is explo- 
sive under ordinary conditions of tem- 
perature and pressure. Tlie range is much 
wider if pure oxygen is used. Explosive 
concentrations range from 1.52 to 852 at 
ordinary room temperature and atmos- 
pheric pressure. The most violent and 
quickly induced explosions occur xvlien 
mixtures arc composed of 262 ethylene 
and 742 oxygen at room temperature 
(25°C.) and ordinary atmospheric pres- 
sure. Nitrous oxide does not reduce lire 
range of flammability of mixtures of 
ethylene and oxygen. As low a concen- 
tration as 102 oxygen mixed with 472 
ethylene explodes if the remaining 432 is 
nitrous oxide. The nitrous oxide supports 
combustion by releasing an atom of oxy- 
gen to carry on the oxidation. Nitrogen 
and helium used as diluents reduce the 
range of flammability of mixtures of 
ethylene and oxygen (Chap. 26). The re- 
action with ethylene is more violent than 
witir other hydrocarbons. This in part 
may be due to the greater reactivity of 
the double bond. The products of com- 
bustion when ethylene is oxidized, as 
with otlier hydrocarbons, are carbon di- 
oxide and water. These occupy approxi- 
mately twice the volume of the original 
gases at room temperature and atmos- 
pheric pressure, 

PROPYLENE 

History 

Propylene (CH 2 =CH — CHs) is not 
used clinically as an anestlietic. It is 
of interest because it is an isomer of 
cyclopropane and because, in a sense, it 
paved the way for the discovery of the 
anesthetic properties of cyclopropane. 


Propylene is the next higher homologue 
to ethylene in the olefin series. Interest 
in the gas as an anesthetic was aroused 
following the experiments of Halsey, 
Re^molds, and Prout, Henderson and 
Brown. These workers investigated the 
effects of the gas on both man and ani- 
mals. The drug is objectionable because 
it is toxic to the cardiovascular system. 
Serious arrhythmias appear as anesthesia 
progresses or is deepened both in man 
and animals. Tlie gas is difficult to purify. 
Lack of uniformity of the experimental 
results reported was believed to be due, 
in part, to impurities in the specimens 
used. However, Summers and Adriani 
(1959) found that pure propylene pro- 
duces serious arrhythmias and js not 
clinically suitable. 

Preparation 

Propylene may be prepared using a 
variety of methods. In laboratory 
propyl alcoliol may be dehydrated by o 
strong acid, such as sulphuric, in a man- 
ner similar to the preparation of ethy- 
lene. Another reaction utilizes propyl 
halides. These may be treated with alco- 
hoh'c potassium liydroxide. The hydro- 
gen and oxygen halide split off as in the 
method for making ethylene. Glycerol 
(l,2,3,trihydroxypropane) may be de- 
hydrated with the aid of zinc dust to 
yield propylene. Commercially, propy- 
lene is obtained as a by-product when 
propane is “cracked.” Propylene may 
form from its isomer, cyclopropane. In 
the presence of iron filings at 100®C., the 
ring is opened and 702 of the cyclopro- 
pane is converted to the open chain de- 
rivative. 


CH, 
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Properties 

Propylene is a colorless gas possessing 
a somewhat sweet, ethereal odor which, 
in some respects, is similar to the odor of 
ethylene. The hydrocarbon is highly sol- 
uble in organic solvents and lipoids. The 
solubility in water is 0.136 volumes per 
unit volume at 20°C.; 7.217 volumes per 
volume of seasame oil at 20°C. The oil/ 
water distribution coefficient at 20®C. is 
52. Propylene is, therefore, lipophiUc. 
Like ethylene, propylene possesses 
greater solubility in blood than in water 
(0.22 volumes in 1 volume of blood at 
^O^C.). The gas has the same specific 
gravity as cyclopropane (1.46, air=l). 
The inhaled concentration required for 
anesthesia varies from 33% to 50% in ani- 
mals and man. Induction of anesthesia 
with this concentration is rapid. Uncon- 
sciousness occurs within twenty seconds. 

REAcnvmf 

Propylene adds bromine to form 
propylene bromide, a saturated halo- 
alkane, The reaction is 90% complete; the 
remaining 10% of the hydrocarbon is con- 
verted to a 1, 2, 3 tribromopropane. 

Hydrobromic acid (HBr) forms an ad- 
dition product. The hydrogen adds to 
the end carbon and the bromine to the 
middle to form 2, monobromopropane. 
CFIi=CII— CH, + 

Propylene is more reactive chemically 
than ethylene. Concentrated sulphuric 
acid (not fortified with sulphur trioxide 
SOi) absorbs 83% of a pure sample of 
hydrocarbon. Propylene is more readily 
oxidized than ethylene. High tempera- 
tures convert it to acetaldehyde, form- 
aldehyde and acetylene- Acids polynjer- 
ize propylene more readily than they do 
ethylene. 

As a rule, iodine does not add readily 


to the olefins. However, iodine does add 
to propylene. Hanus solution, a mixture 
of iodine in carbon tetrachloride, adds to 
the double bond and forms 1, 2 di-iodo- 
propane. 

FLAM^rABILT^Y 

The explosive range of propylene is 
2% to 7% in air, and 3% to 45% in oxygen 
at room temperature (25°C.) and atmos- 
pheric pressure. 

AMYLENE 

Structure 

Amylene is an unsaturated hydrocar- 
bon. It was used for anesthesia (by in- 
halation) by John Snow in 1857. Waters 
and his associates studied the compoimd 
in man in 1937. They found that it caused 
serious arrhythmias and was not suitable 
as an anesthetic in man. Chemically, 
amylene is trimethylethylene— a five- 
carbon hydrocarbon with the following 
structure; 


/ \ 

CH, H 

The hydrogen atoms on the ediylene 
molecule have been substituted by 
melliyl groups. 

Properties 

Amylene is obtained by the dehydra- 
tion of amyl alcohol in the presence of 
zinc chloride. It is a colorless, highly 
flammable liquid. It has a disagreeable 
odor. Its specific gravity is 0.66 at 15°C. 
It boils at 35-38°C. It is slightly soluble 
in water but liighly soluble in organic 
solvents, such as alcohol and ether. It 
polymerizes to complex higher molecular 
weight Jjydrocarbons upon standing. 
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ACETYLENE 

History 

Acetylene is obsolete as an anesthetic. 
However, its comparative pharmacology 
is interesting. Attempts to popularize 
acetylene for anesthesia were not suc- 
cessful. Undesirable effects on the circu- 
lation discouraged its widespread use. It 
lias been used extensively in Central Eii- 
rope, particularly Germany, under the 
name Narcylene. 

STRuerruRE 

Acetylene is a triple bonded hydro- 
carbon. Structurally it is ethane minus 
four hydrogen atoms or ethylene minus 
two hydrogen atoms. It was first de- 
scribed by Davy in 1836 and later by 
Bcrthelot who prepared it by sparking 
carbon electrodes in an atmosphere of 
hydrogen, 

2C-i-H,-»HCfeCir 

Preparation 

The gas may be prepared in the lab- 
oratory by reacting ethylene dibromide 
with potassium hydroxide in alcohol 
Two molecules of hydrogen bromide are 
removed from the molecules in the reac- 
tion: 


Properties 

Pure acetylene is a colorless gas which 
possesses a garlic-like, pungent odor. Im- 
purities impart an additional unpleasant 
strong odor. Acetylene dissolves in ap- 
proximately its oxvn volume of water at 
20°G. (1.042 cc. per ml.). Acetylene is 
highly soluble in acetone— 31 volumes 
dissolve in 1 volume at 760 mm. Hg pres- 
sure and 20®C. At 12 atmospheres 12 
volumes dissolve in 1 of acetone at 20°C. 
The gas explodes spontaneously when 
compressed. As little as 2 atmospheres 
pressure may cause the reaction; there- 
fore, it cannot be stored in cylinders as a 
compressed gas or liquid. The high solu- 
bility in acetone is utilized in storage 
and dispensing the gas. The gas com- 
pressed under 28 atmospheres at 20'*C. 
yields a liquid having a specific gravity 
of 0.45. Acetylene is unique in that its 
solubility in human blood is less than in 
water —0.965 volumes per unit volume 
of blood. The oil/water distribution co- 
efficient is 2.2. 

Flammadiutv 

The formation of acetylene is an endo- 
thermic reaction. Therefore, consider- 
able heat is liberated when it is oxidized. 


I I HQ 

H— 0— C— It HC^H T -j'2KBr-|-2H.O. 

I I 2KOn 

ir H 


Commercially acetylene is prepared 
by reacting calcium carbide with water. 

CaCi -I- 2HsO Ca(OH)i + HC^CH, 
Calcivim carbide is prepared by fusing 
coke with lime. 

Commercial acetylene contains many 
impurities which cause it to be unfit for 
anesthesia in man. 


For this reason, it is employed as a fuel 
when high temperatures are desired. 
■When the oxygen supply is limited acety- 
lene bums with a smoky yellow flame. 
Mixtures of acetylene and air e^lode 
widi violence. Tire flammable range is 
2.&5 to 40^ in air; 2.8!? to 85!? in oxy- 
gen. 
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Reactutty 

Three molecules of acetylene heated 
above 150°C, with a catalyst (quartz) 
polymerize to benzene. 


As is the case with other unsaturated 
Jiydrocarbons hydrogen, halogens and 
other substances add to acetylenes to 
form saturated compounds. In aqueous 
solutions acetylene has some of the 
properties of an acid and reacts witli 
salts of heavy metals, such as copper and 
silver, to form acetylides. These are high- 
ly unstable compounds which explode 
spontaneously in the dry state. The reac- 
tion of formation of acetylides may be 
expressed as follows: 


Uses 

The alveolar concentration necessary 
for unconsciousness in man averages 35%. 
Effective inhaled concentrations for sur- 
gical anesthesia average between 70% 
to 80%, The gas is eliminated rapidly, un- 
changed, from the body. The greater 
portion is exhaled within Uvo minutes. 
However, traces may be detected in 
blood for as long as twenty minutes after 
discontinuing the inhalation. The gas dif- 
fuses rapidly from the peritoneal and 
pleural cavities. It also diffuses through 
the skin. 

Acetylene has been employed to de- 
termine cardiac output by the indirect 
technique in man by Grollman. 

QuANTTFATTVE AN'AiVSIS 


HCfeC— H -P AgOH 

^nCsC— Agi -PH,0 

Acetylenes as a group are less stable than 
olefins and these in turn are less stable 
than paraffins. 

iMPunrriES 

The most probable and common im- 
purities in anesthetic acetylene are phos- 
phine (PHa), hydrogen sulphide (HjS), 
arsine (AsHj), the inorganic gases, nitro- 
gen, o.x)'gen, and carbon dioxide and 
traces of various unsaturated hydrocar- 
bons of bigber molecular weight. 

The gas used for anesthesia was dis- 
pensed in the same way as commercial 
acetylene— dissolved under pressure in 
acetone soaked asbestos sheets packed in 
cylinders. The acetone was removed at 
the time of use by passing the gas 
through water and over-activated char- 
coal. The process of removing acetone, 
which would be toxic if inhaled in large 
quantities, made the administration of 
aceylene cumbersome. 


Acetylene is determined quantitative- 
ly by using the Haldane or other appa- 
ratus utilizing the absorptiometric tech- 
nique if it is equipped with an addi- 
tional absorption chamber for a reagent 
which absorbs the gas. Carbon dioxide is 
first removed by absorption with aque- 
ous potassium hydroxide solution. The 
acetylene is ne.xt absorbed with mercuric 
cyanide solution (Hg(CN) 2 ) and oxygen 
is finally absorbed with alkaline pyro- 
gallic acid solution. Mercuric acetylide. 



\ 

feCH 

forms as a wliite precipitate during the 
absorption of the hydrocarbon. 

OniER Acetylenes 
Tire higher molecular weight acety- 
lenes are too toxic for clinical use. Methyl 
acetylene, CHs— C=CH, which is found 
as a contaminant in commercial cyclo- 
propane has been studied by Render- 
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son. It possesses narcotic properties, 
but is toxic and, therefore, unsuitable 
for anesthesia. 

CYCLOPROPANE 

History 

Cyclopropane was first prepared by 
the chemist Von Freund in Germany in 
1882. Fifty years later its anesthetic 
properties were described by Henderson 
and Lucas, of Toronto. Tliey noted that 
cyclopropane was one of the impurities 
in propylene in which they were pri* 
marily interested. They found the “im* 
purity" to be more effective and less 
toxic than propylene and, therefore, 
continued to investigate its properties 
experimentally in animals. Tlie drug was 
introduced into clinical anesthesia by 
Ralph M. Waters and his coworkers in 
1933 at the University of Wisconsin. 
Cyclopropane, also known as trimelhyh 
ene, is the simplest member of the alh 
cyclic hydrocarbon series. The cyclopro- 
pane molecule is a saturated ring struc- 
ture containing three carbon atoms. It is 
isomeric with propylene, into which it 
may be converted by heat in the pres- 
ence of a catalyst 

Preparation 

Ordinarily cyclopropane may be pre- 
pared by treating l,3,dibromo- or dichlor- 
opropane wth sodium or zinc which re- 
moves tlie bromide and causes the 
closure of the ring. This is the reaction 
used by Freimd. It may be mitten as 
follows; 

H H II 

III CH, 

H— C— C— 6— n -» / \ -f ZnBr, 

Br H Br 

If l,2.dibromopropane is used, propylene 
forms. In the commercial preparation of 


the gas, l,S,dibromopropane is treated 
with zinc and alcohol at carefully con- 
trolled temperatures and pressures. The 
gas is more expensive to prepare than 
ethylene or nitrous oxide. It would be 
impractical from an economic standpoint 
if it were used by other than the re- 
breathing technique. Haas and his co- 
xvorfcers found a simple method of pre- 
paring l,3,dichloropropane (having the 
chlorine atoms on the terminal carbon 
atoms) without contamination witli 1,2,- 
(lichloropropane (having chlorine upon 
the middle atoms). 

H H H 



This had been difficult to accomplish 
previously. Tlie closure of the ring is 
then carried out in the same way as it 
is with dibromopropane. Sodium, zinc, or 
magnesium may be used. With this proc- 
ess commercial propane may serve as the 
starling point thereby reducing the cost. 

PROPERTIES 

Cyclopropane is a pleasant, sweet- 
smelling gas, which is slightly irritating 
when inhaled in concentrations greater 
than 50?. If has a moJecuhr weight of 
42.078 and a density of 1.42 (air== !)• 
The gas is heavier tlian air and tends to 
fall do^vnward before diffusing into the 
room atmosphere. Its critical tempera- 
ture is 124.6°C. and critical pressure is 
54.2 atmospheres. Cyclopropane lique- 
fies at a pressure of 75 lbs. per sq. in. at 
20'’C. It boils at — 32.89'’C. and freezes 
at — 127°C. The density of the liquid is 
0.6807 gm./ml. at its boiling point. The 
latent heat of vaporization at its boiling 
point is 113.9 calories. Van der Waals 
constants are a = 8.280, b = 0.752. The 
viscosity at O^C. is 80.7 mferopoises. At 



261 


Hydrocarbons 


40'’C. it is 92.3 micropoises. Cyclopro- 
pane is soluble in alcohol, ben 2 ene and 
other organic solvents. It is lipophilic 
and highly soluble in oUs and fats. At 
37.5®C. it has an oil/water partition co- 
efficient of 34.43. At 37.5°C. 6.140 vol- 
umes are soluble in 1 of olive oil, while 
0.179 are soluble in 1 of water. At 25®C. 
0.255 parts are soluble in 1 of water. The 
solubility in human oxalaled blood at 
37.5‘’C. is 0.402 volumes of gas in 1 of 
blood— almost twice the solubility in 
water at the same temperature. In view 
of this greater solubility in blood, the oil/ 
blood coefficient is less than the oil/water 
coefficient (15.3). During clinical anes- 
thesia, the erythrocytes contain two and 
one-half times more cyclopropane than 
plasma. Cyclopropane is soluble in and 
diffuses very readily through rubber. 
The air/blood ratio at 34®C. is 0.4 in 
blood to 1.0 in air. This varies with the 
percent cell volume (hematocrit). 

Chemical REAcnvrrr 
Chemically, cyclopropane has some of 
the properties of a saturated hydrocar- 
bon and also some of an unsalurated 
hydrocarbon. It is relatively resistant to 
oxidation by potassium permanganate or 
potassium dichromate-sulphuric acid 
mixtures. It is not affected by alkalis. 
It is stable in the presence of soda or 
barium-lime mixtures. Cyclopropane 
readily isomerizes to propylene in the 
presence of catalysts. If the gas is passed 
Over iron filings at 100°C., 50% to 75% of 
the gas is converted to propylene. This 
could be an important consideration if 
the gas, stored in iron cylinders, were 
exposed to high temperatures. It is 
doubtful that the environmental tem- 
perature in the storage room of hospitals 
would ever reach that of boiling water. 
However, cyclopropane does not isomer- 
ize under ordinary circumstances nor 


does it polymerize under pressure when 
stored over long periods of time. 

Cyclopropane is readily saturated and 
converted to the straight chain (normal) 
propane when mixed with hydrogen and 
passed over a heated nickel catalyst. 
Bromine adds to cyclopropane and re- 
opens the ring to reform l,3,dibromopro- 
pane. This is illustrated by the follow- 
ing reaction: 

H, 

! 

C -I- Br 2 ^ CHjBrCHjCHjBr 


Hydrogen bromide also adds to cyclo- 
propane and opens the ring to yield 
monobrompropane. Chlorine, on the 
other hand, does not add to the ring. In- 
stead, it substitutes for one of the hydro- 
gen atoms. The reaction yields cyclo- 
propyl chloride and hydrogen chloride. 
Thus, the ring remains intact. The addi- 
tion reaction with bromine is character- 
istic of unsaturated compounds; the sub- 
stitution reaction with chlorine is char- 
acteristic of saturated compounds. Iodine 
neither adds nor substitutes to cyclopro- 
pane but does add to propylene. This 
dissimilarity between the two hydrocar- 
bons is often used to differentiate propy- 
lene from cyclopropane. Cyclopropane 
does not decolorize iodine solutions; 
propylene does. As is the case with ethyl- 
ene, fuming sulphuric acid (concentrated 
sulphuric acid with sulphur trioxide) ab- 
sorbs cyclopropane in exactly tlie same 
manner as it does ethylene. The cyclic 
structure is disrupted and a hydrogen 
sulphate group adds to the h}'drocarbon 
to form propj’l acid sulphate. 

nso, 

CH. I 

/ \ + liso, -* 

IIjC CHj I 

n 
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Analysis 

Cyclopropane may be analyzed quan- 
titatively using the Orsat or other type 
of absorptiometric apparatus by absorp- 
tion with sulphuric acid. Carbon dioxide 
and oxygen must be removed first by 
their respective absorbents (Chap. 7). 

Cyclopropane may also be determined 
by combustion techniques. It may be 
oxidized to carbon dioxide and water 
wth hot iodine pentoxide in the iodine 
pentoxide train (Chap. 7). This technique 
is employed for determinations in blood 
and other body fluids. The gas is usually 
distilled from blood or body fluid (as 
little as a 1 cc. sample) and conducted 
through a tube containing iodine pent- 
oxide heated to 200-250®G. The carbon 
dioxide from the oxidized hydrocarbon 
passes off and is discarded. The iodine 
from the reduced iodine pentoxide is 
caught in a receiver containing potas- 
sium iodide solution and titrated with 
N/10 sodium thiosulphate solution and 
starch. The quantity of hydrocarbon 
present is calculated from the amount 
of iodine recovered, according to the 
following equation: 

Heat 

5C,He -l-OIjOs »15COj-» iMIjO-f-OI, 

200'’C. 

5C,He=9l!, Imgm. Is=.092mgm.C»H. 

Cyclopropane in blood and other 
liquids may also be determined volu- 
metrically by use of the manomelric ap- 


paratus of Van Slyke and Neill and the 
modification described by Orcutt and 
Waters. The carbon dioxide and oxygen 
arc first absorbed by their respective re- 
agents and then the residual gas is meas- 
ured (Cliap. 7). No other anesthetic gas 
or volatile drug may be used for anes- 
thesia with cyclopropane if results are to 
be valid because they interfere with 
analysis or add to the residual volume. 

The gas chromatograph may also be 
used for analysis and determination of 
impurities (Chap. 7). 

Impurtties 

Impurities found in cyclopropane 
form during manufacture of the gas. 
Some may also be added by subsequent 
contamination. Propylene, allene, cyclo- 
hexane, nitrogen, carbon dioxide and cer- 
tain habdes, particularly brom or chlor- 
propanes, are possible contaminants. 
At the time of ring closure when the 
l,3dibromoprDpane is used, an appreci- 
able amount of propylene may form. 
Allene, which has two double bonds, 
may also form. Tivo molecules of dibrom- 
propane may couple to form cyclo- 
he.xane, as given at bottom of this page. 
The most prominent impurity appears 
to be propylene. Purification is accom- 
plished by washing the crude gas with 
suitable reagents. It is then liquefied to 
further remove impurities. 

Tlie U, S. pharmacopeia has outlined 
various tests for detection of impurities. 
Propylene, or any olefin, reacts with alka- 
line permanganate solutions to form gly- 
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cols. The double bond is removed, TTie 
resulting dihydric alcohol is oxidized 
further to various degradation products. 
Cyclopropane is inert and does not re- 
act wth permanganates. This reaction 
may, therefore, be used to differentiate 
the isomers. The permanganate solution 
turns brown due to the formation of 
manganese dioxide (MnO») if propylene 
or other olefins are present 
The reaction with potassium perman- 
ganate or iodine may be used for quanti- 
tative, as well as qualitative, determina- 
tion of this contaminant In performing 
the test a measured volume of gas is 
passed through a hno^vn quantity of 
N/10 potassium permanganate solution. 
The permanganate is converted to man- 
ganese dioxide in proportion to the 
propylene present. The unused perman- 
ganate is then determined by adding a 
measured quantity of sodium oxalate 
and performing a back titration with a 
standardized permanganate solution. 
The routine tests for carbon monoxide, 
carbon dioxide, and halogens may be 
carried out in the same manner as those 
described for ethylene. Up to 1% propy- 
lene is not considered objectionable. 

Anesthetic Concentration 

The inhaled concentration of cyclo- 


propane necessary for surgical anesthesia 
varies from individual to individual for 
a particular depth of narcosis. The av- 
erage range is between 10-20%. The al- 
veolar tension, therefore, ranges from 
75-150 mm. Hg. The concentration in 
blood likewise varies from one individual 
to the next but ranges between 10-20 
mgm. per 100 ml. of blood. Seevers found 
no evidence of polymerization or isomeri- 
zation of cyclopropane by living tissues. 
Its elimination, like its absorption, is 
through the lungs. The major portion is 
eliminated within ten minutes although 
traces ma)'^ be detected in the venous 
blood for se\’eral hours after anesthesia. 
Equilibrium between blood and non- 
lipoid tissues occurs quickly. The arterial 
and venous blood concentrations ap- 
proximate each other within fifteen min- 
utes after induction of anesthesia. The 
fat depots saturate slowly since, relative- 
ly speaking, they have a poor blood sup- 
ply. They likewise desaturate slowly be- 
cause, again, of the poor blood supply 
and also the lipophilic nature of the 
drug. This slow desaturation accounts 
for the traces which persist in blood for 
several hours after anesthesia has been 
discontinued. Cyclopropane diffuses 
through the skin as do ethylene and 
nitrous oxide. 


Other Cylic Hydrocarbons 


METHYL CYCLOPROPANE 


The success of cyclopropane led to 
tile study of other alicyclic hydrocarbons, 
monomethyl 



dimethyl 

II-C-CH, 



and trimethyl cyclopropane 

(Flc<ue turn 1o next page) 
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have been investigated by Henderson 
and found to possess anesthetic proper- 
ties. The potency of these, like those of 
the straight chain compounds, increases 
as molecular weight increases. A concen- 
tration of 202 cyclopropane is required 
for anesthesia; 152 of the monomethyl, 
102 of the dimethyl, and 7% of the tri- 
melbyl cyclopropane. These substances, 
however, cause cardiovascular disturb- 
ances which are more pronounced than 
tliose of cyclopropane. Mono- and di- 
chlorcyelopropane are ineffective as an- 
esthetics and cause pulmonary irritation. 


CYCLOPENTANE 

Cyclopentane (pentamethylene) is 
found in petroleum. It may be prepared 
by “cracking” cyclohexane. It may be 
prepared by the hydrogenation of ben- 
zene. It boils at 80.7®C. and melts at 
6.4®C. Tlie vapor is flammable. The flash 
point is — 18°. The limits of flammabil- 
ity are 1.3-8.42 in air. Tlie vapor has 
a pungent odor. The anesthetic proper- 
ties of cyclopentane were described by 
Virtue and his associates in 1949. The 
anesthetic index is 1.97 (ether 2.07). The 
hydrocarbon, like cyclopropane and cy- 
clobutane, causes sensitization of the 
lieart to epinephrine. Neuromuscular 
phenomena were observed in animals. 
Tlie concentration necessary for anes- 
tliesia Is approximately 82. It offers little 
promise of being clinically useful. 


CYCLOBUTANE 

Cyclobulane (telramethylene) was 
s)'nthe5ized and studied pharmacologi- 
cally by Krantz and his coworkers in 
1948. It is prepared by the hydrogena- 
tion of cyclobutene in the presence of 
nickel at 100°C. The compound is a gas 
at room temperature and atmospheric 
pressure. It is not easily distinguished 
from cyclopropane by its odor. Its boil- 
ing point is 1S.08°C.; its freezing point 
is — 80°C. Tire Ostwald constant at 37° 
is 0.138. In olive oil it is 33.4 at 26°C. 
From a pharmacologic standpoint the 
hydrocarbon is similar in most respects 
to cyclopropane. It is a more potent an- 
esthetic than cyclopropane but some- 
w’hat more toxic. The drug has been used 
clinically in man by Whitacre, Dripps 
and others but has nothing to offer over 
cyclopropane. For these reasons it has 
failed to gain popularity. 


CYCLOHEXANE 

Cycloliexane (hexamethylene) was also 
investigated by Virtue in 1949. It occurs 
in petroleum (0.5-12). The hydrocar- 
bon is a mobile, flammable liquid which 
boils at 49.3°C. and melts at —94°. It 
is more potent and toxic to animals than 
the cyclopcntane. Less is necessary for 
anesthesia than when cyclopentane is 
used. It acts in accordance to the gener- 
alization that potency increases as molec- 
ular weight increases. The comparative 
quantities necessary for anesthesia in 
mice is 0.07 moles for cyclopropane, 
0.003 for cyclopentane and 0.0013 for 
cyclohexane. 

SPIROPENTANE 

Spiiopentane is a double cyclic struc- 
ture consisting of hvo cyclopropane 
molecules xvith one carbon atom com- 
mon to both rings. 
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Actually it is an isomer of cyclopenlane. 
The hydrocarbon is a liquid which boils 
at 30.03''C. and freezes at — 107.5®C. 
Summers investigated its anesthetic 
properties in 1959 in mice and dogs. 
Three per cent produced anesthesia. The 
drug produced marked neuromuscular 
phenomena, respiratory and circulatory 
aberrations. It is noteworthy that pen- 
tane and all its isomers have little to 
offer as anesthetics. 


HYDROCARBON MIXTURES 
(KEROSENE) 

Mixtures of hydrocarbons are com- 
mercially available as gasoline, kerosene, 
mineral spirits and so on. These possess 
varying degrees of narcotic properties. 
The narcotic properties of aliphatic hy- 
drocarbons increase from oleBns to 
diolefins to naphthalenes. The toxicity 
varies with the composition of the mix- 
ture which in turn varies with the source 
of the petroleum from which the mixture 
is obtained. Inhalation of vapors of these 
mixtures produces acute intoxication 
characterized by narcosis, coma and con- 
xiilsions. These hydrocarbons, like the 
others of purer form, are not metabolized 
in the body. They too are exhaled 
through the lungs. The rale of excretion 
varies witli the volatility. Those of low 
volatility are also excreted into the urine 
or gastrointestinal tract. 

Kerosene 

Kerosene is of interest because it is 
an occasional cause of poisoning. Kero- 
sene is a mixture of hydrocarbons ob- 


tained from crude petroleum. The true 
kerosene fraction distills at 175-275®C. 
All of the olefins and most of the aroma- 
tic hydrocarbons must be removed to 
enable the mixture to bum from a wick 
with a non-smoky flame. Since crude 
petroleum varies widely in composition 
depending upon the area from which it 
is obtained, the kerosenes likewise will 
vary widely in composition. The chief 
components are aliphatic, alicyclic, aro- 
matic and aliphatic-aromatic hydrocar- 
bons. In addition sulphur, nitrogen and 
oj^gen containing compounds may be 
present. 

Kerosene is frequently taken inter- 
nally by children and causes poisoning. 
Kerosene poisoning is serious and often 
terminates fatally. The hydrocarbons are 
slowly absorbed frt)m the intestines. 
Death is due to central depression from 
the blood borne kerosene or from injury 
to the pulmonary alveoli from the hydro- 
carbon present in vomitus which is aspi- 
rated when gastric lavage is attempted. 
Toxic effects on the heart, liver, and kid- 
neys may also occur. The symptoms and 
intensity vary with the composition of 
the kerosene. Pneumonitis and pulmo- 
nary edema may follow the pulmonary 
damage. There is considerable evidence 
which indicates the pulmonary edema is 
due to minute traces of high boiling point 
compounds and to substances which are 
not hydrocarbon in nature. Data on 
blood levels and the nature of the toxic 
ingredient are meagre. 

None of the hydrocarbon fractions in 
kerosene are metabolized. They are 
slowly eliminated via the lungs, kidney 
or gastrointestinal tract. Complete elim- 
ination may require days due to the low 
volatility of the hydrocarbons in the mix- 
ture. 



CHAPTER 11 


Alcohols 


DEIUVATION 

T he hydrooen atoms of an aliphatic 
hydrocarbon may be replaced by 
one or more liydroxyl (OH) groups to 
form alcohols. Marked changes in chemi- 
cal, physical, and physiological proper- 
ties result from this transformation. The 
hydrocarbon is altered so that the com- 
pound is chemically nearer to water. 
One may also look upon alcohols as com- 
pounds in which one hydrogen atom of 
water (H— OH) is replaced by an or- 
ganic radical. The substitution of the 
hydroxyl group causes a decrease in the 
narcotic potency of hydrocarbons which 
possess narcotic activity. More than one 
hydroxyl group may be present on a 
multicarbon chain to form a pohjhijdric 
alcohol. This results In a still further 
decrease in pharmacological activity and, 
also as a rule, in a decrease in toxicity. 
If one hydrogen atom of methane is re- 
placed by a hydroxyl group, mellianol 
(carbinol), or if one \vi.shes to use the 
common name, methyl alcohol (CHjOH) 
results. Alcohols are often named after 
the radical they are capable of forming. 
The methyl radical results from methyl 
alcohol, ethyl from ethyl, butyl from 
butyl. The suffix “ol” indicates an alcohol 
also. Such a suffix is attached to the hy- 
drocarbon from which the alcohol is do? 
rived. The prefix hydroxy also indicates 
the compound is an alcohol. Thus, 
methyl alcohol is also called roethanol 


and hydroxy methane. One hydroxyl 
group replacing a Iiydrogen atom of 
ethane gives ethanol or ethyl alcohol 
(C*HsOH); propane, under similar cir- 
cumstances, forms propanol or propyl 
alcohol (CjHiOH); butane, butanol or 
butyl alcohol (C<HbOH); and pentane, 
pentaiiol or amyl alcohol (CsHuOH). 
Such a series of monohydric alcohols is 
known ns a homologous series. 

ISOMERS OF ALCOHOLS 
In propane and higher carbon content 
homologues, the hydroxyl group may be 
on the terminal carbons. The compound 
formed with propane is termed normal 
propyl alcohol The hydroxyl group may 
also be on the middle carbon atom, in 
which case the compound is called iso- 
propyl alcohol. A chemical and pharma- 
cologic difference exists between the two 
isomers. Those in which there is branch- 
ing of the chain but in which the hy- 
droxyl group is on a terminal carbon, 
are known as iso alcohols. 

PRIMARY. SECONDARY AND 
TERTIARY ALCOHOLS 
Alcohols are also classed as primary, 
secondary or tertiary, depending upon 
where the hydroxyl group is attached. 
Those which have the hydroxyl group 
attached to a carbon bearing two hydro- 
gen atoms and a radical are primarij al- 
cohols 
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those in which the hydroxyl group is at- 
tached to a carbon atom bearing a hy- 
drogen and two radicals are secondary 
alcohols; 

H 

1 

R_C_OH 

t 

R 

and those which have three radicals and 
no hydrogen atom on the hydroxyl bear- 
ing carbon are tertiary alcohols. 


I 

R 

Cyclic hydrocarbons may also have 
one or more hydrogen atoms replaced by 
hydroxyl groups to form alicycUc alco- 
hols. In the aromatic series, such replace- 
ment results in compounds known as 
phenols. Heterocyclic alcohols form 
when a hydroxyl is placed on a hetero- 
cyclic nucleus. 

Th’< 7 hydroxyl groups are rarely ever 
attached to one carbon atom (see chloral. 
Chap. 15). Polyhydric alcohols are nu- 
merous, but the hydroxyl group in such 
compounds is attached to a separate car- 
bon atom. Dihydric aliphatic alcohols are 
known as glycols. The simplest glycol is 
that formed from the two carbon mole- 
cule known as ethylene glycol 


OH OH 



that from propane as propylene glycol 
and so on. The trihydric alcohol derived 
from propane is called gl^’cerol. Hy- 


droxyl groups may appear in compounds 
which have other radicals (carboxyl, al- 
dehyde, amino), in whidi case the chem- 
ical and physiological properties are 
complicated still further. Carbohydrates, 
for example, are composed by polyhydric 
alcohols which have either ketone or al- 
dehyde groups in the structure in addi- 
tion to the hydroxyls. 

STRUCTURE AND PHYSICAL 
PROPERTIES 

Aliphatic hydroxy compounds are the 
only ones which possess narcotic po- 
tency. Aromatic alcohols or phenols do 
not and are distinctly caustic to cells. 
Phenol (h)’droxy benzene) and a number 
of its allies produce a surface anesthesia 
on the skin (Chap. 21) but are otherwise 
highly toxic. Heterocyclic alcohols, like- 
wise, are of no value. The introduction 
of tlie hydroxyl group into a hydrocar- 
bon increases the water solubility and 
reactivity but decreases its volatility. 
Most alcohols are liquids; some are 
solids. Polyhydric alcohols have greater 
water solubility and lower volatility than 
monohydric. Tliis increases with an in- 
crease in hydrox)’! content of a given 
multicarbon structure. Refractive in- 
dices and boiling points increase as the 
molecular xveights of tlie alcohols in- 
crease, Specific gravity increases as the 
carbon content increases. Branching the 
chain increases the water solubility and 
decreases the refractive indices and 
densities. The greater the degree of 
branching, tlje more pronounced are 
♦hese effects. Tlie seven carbon alcohol 
(n-heptyl alcohol) is less soluble and vola- 
tile than its isomer with one branch and 
this is less soluble and volatile than its 
isomer with several branches. Unsatura- 
tion in the molecule results in alcohols 
xvhich are more volatile, less dense, but 
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more reactive than their saturated coun- 
terparts. 

NARCOTIC POTENCY 
The narcotic potency of alcohols is less 
than those of tire hydrocarbons from 
which they are derived. This may be 
because they are less lipophilic and more 
hydrophilic than tlieir related hydrocar- 
bons (Chap. 27). Tlie anesthetic potency 
of aliphatic alcohols increases as molec- 
ular weight increases until a maximum 
of eight carbons is reached. Higher 
molecular weight compounds show de- 
creased activity. Water solubility like- 
wise decreases with increase in molec- 
ular weight. If one designates the nar- 
cotic potency of ethyl alcohol in rats as 
1; that of methyl alcohol is 0.59; of pro- 
pyl alcohol, 2.33; of butyl alcohol, 3.56; 
and of amyl alcohol, S.99. Tire toxicity 
likewise increases with the increase in 
molecular weight. Again assuming that 
of ethyl alcohol to be 1, methyl alcohol 
has a relative acute toxicity of 0.53; 
propyl alcohol of 3.27; butyl alcohol, 
6.02; and amyl alcohol, 6.59. An increase 
in alkyl length of the chain is associated 
with increased lipophilic properties. 
Branching of the chain of an alcohol 
causes an increase in narcotic potency. 
Primary alcohols are less potent than 
secondary, and secondary alcohols less 
than tertiary. Increasing the number of 
hydroxyl groups in a compound de- 
creases the narcotic potency. Unsatura- 
tion may increase both the toxicity and 
potency. Unsaturated tertiary’ alcohols 
are more potent than secondary. Triple 
bonded alcohols are more potent than 
double bonded. Unsaturated tertiary al- 
cohols are more potent than primary. 
Halogenation of an alcohol markedly in- 
creases the narcotic potency (Chap. 15). 
Di- and tri-halogenated alcohols are less 


volatile than the nonhalogenated coun- 
terparts. They compose a group of useful 
hypnotics (see halogcnated compounds). 
Richardson (1870) first observed the in- 
crease in potency of alcohols which fol- 
lows the increase in carbon content of 
tlie molecule. His statement is often 
called Eichardsons Law. Beecher, meas- 
uring cortical potentials in cats nar- 
cotized with various alcohols, has ob- 
served similar responses and confirmed 
this law. Unlike the hydrocarbons from 
which they are derived, alcohols are re- 
active in vivo as well as in vitro. 

STABILITY 

In vitro, primary alcohols subjected to 
oxidation by agents such as chromic acid 
or potassium permanganate are con- 
verted to aldehydes, Secondary alcohols 
yield ketones. Tertiary alcohols yield one 
or more miscellaneous compounds of 
smaller molecular weight because the 
molecule is disrupted into various deg- 
radation products. Alcohols may be at- 
tadeed by various biochemical mecha- 
nisms in the body and completely al- 
tered, Ethyl alcohol, for example, is oxi- 
dized in the body to carbon dioxide and 
water. Alcohols possess high boiling 
points and low vapor pressures at room 
temperature. They cannot, therefore, be 
administered or excreted to any e.xtent 
by inhalation. The higher molecular 
weight alcohols are either insoluble or 
toxic, or both, and are little used clini- 
cally. Of the alcohols, ethyl alcohol, 
amylene hydrate, pentynol (Dormison), 
a tertiary amyl alcohol and certain halo- 
genated unsaturated alcohols (Chap. 15) 
are of clinical importance. 

ETHYL ALCOHOL 

Uses 

Ethyl alcohol is a primary alcohol of 
low narcoUc potency. Although not satis- 
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factory as a general anesthetic agent, it 
is of interest to the clinical anesthetist 
for a number of reasons: (1) ethyl alcohol 
is the basic raw material used to make 
many anesthetic drugs, such as ether, 
ethyl chloride, chloroform, vinyl ether, 
ethylene, tribromethanol, trichloreth- 
anol, paraldehyde, chloral hydrate, and 
others; (2) the substance is present in 
small amounts in ether, vinyl ether, ethyl 
chloride, and is added as a stabilizer to 
chloroform; (3) some use exists for it as 
a premedicating agent by intravenous 
injection although it has never been suc- 
cessful enough to become popular; (4) 
alcohol is widely used in regional anes- 
thesia and therapeutic nerve-blocking 
for injection and destruction of periph- 
eral nerves and ganglia. Anhydrous or 
absolute alcohol is employed by most 
clinicians for this purpose. 

Ethyl alcohol is ethane \vith a hydro- 
gen atom replaced by a hydroxyl group, 
CHj— CHr— OH. Other names for it 
are methyl carbinol, ethanol, or hydroxy 
ethane. 

SouncES 

The chief source of ethyl alcohol for 
human consumption is the fermentation 
of carbohydrates by yeast. Higher mo- 
lecular weight carbohydrates are first hy- 
drolyzed by enzymes to hexoses which in 
turn are fermented by the action of 
zymase to alcohol and carbon dioxide. 
Alcohol may also be synthesized by hy- 
dration of ethylene in the presence of a 
catalyst. 

Properties 

Ethyl alcohol is a clear, colorless, mo- 
bile and flammable liquid with a pleas- 
ant odor and somewhat pungent and 
burning taste. The molecular weight of 
ethyl alcohol is 46.05. Alcohol soh'difies 


at a very low temperature, — 130°C. The 
refractive index is 1.361 at 20*C. The 
flash point is behv'een 9° and 11°C. An- 
hydrous alcohol has a great affinity for 
water and rapidly abstracts moisture 
from the air. Ordinary alcohol (U.S.P.) 
contains approximately 95? alcohol by 
volume (92.3® by weight) at 15.5“C. It 
has a specific gravity of 0.816. The 
strength of alcohol is often expressed in 
“proof.*" Proof is usually double the per 
cent of alcohol by volume. One hundred 
proof indicates an alcoholic content of 
50® by volume. 

Affinity for Water 

hfost alcohol contains water. Absolute 
alcohol is necessary for regional block. 
The drug produces a long block by caus- 
ing neurolysis. Absolute alcohol once 
prepared is difficult to maintain in its 
anhydrous state because of its affinity for 
water. Absolute alcohol corked in the 
usual manner absorbs water and can be 
preserved only in air-tight containers. 
The preparation of anhydrous alcohol is 
a tedious process entailing much labor. 
Alcohol as ordinarily distilled contains 
50% or more water. Most of the water 
may be abstracted by refluxing and dis- 
tillation with calcium oxide. The water 
combines wth the oxide to form calcium 
hydroxide leaving the anhydrous sub- 
stance as a residue. This process does not 
completely abstract all the water and 
slight traces always remain. Anhydrous 
calcium sulphate (Dririte) forms a hy- 
drate and abstracts the water. As it is 
insoluble it does not contaminate the 
product. Commercially, dehydration of 
ethyl alcohol is accomplished by the 
fractional distillation of a mixture of al- 
cohol and benzene. Three fractions are 
obtained. The first is a mixture of alco- 
hol, benzene, and water, which boils at 
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64°C. Tlie second is a mixture of benzene 
and alcohol which boils at 68®C. Tlie 
third is pure alcohol which distills off at 
TS^C. The first two fractions are dis- 
carded. 

A number of tests may be employed to 
distinguish the anhydrous alcohol from 
the hydrated product. If a pinch of an- 
hydrous copper sulphate, which is a 
white powder, is added to a specimen it 
readily absorbs water to form the blue 
pentahydrate (CuSO*'5HsO). The mix- 
ture should stand thirty minutes before 
it is concluded that the test is negative. 
Another test employs barium oxide which 
dissolves in anhydrous ethj'I alcohol to 
form a clear colorless solution. The pres- 
ence of the faintest trace of water pro- 
duces a white cloud in the solution. 

OXTOATION 

Ethyl alcohol is readily oxidized In 
vitro to form acetaldehyde. Alcohol 
which has been standing in contact with 
air for any length of time oxidizes slowly 
and contains traces of acetaldehyde. Po- 
tassium permanganate and chromic acid 
solutions, ozone, pero.\ides, and other 
oxidizing agents convert it to acetalde- 
hyde and small amounts of acetic acid. 
Chlorine, bromine, and iodine oxidize 
afeohof to aldehydes which are in turn 
halogenated and subsequently form chlo- 
ral and bromal (see Chap. 15). These, 
in the presence of alkali, are converted 
to chloroform, bromoform, and iodo- 
form. Alcohol may be esterified with 
mineral and organic acids. Dehydrating 
agents abstract a molecule of water from 
alcohol and convert it to ethylene. 
Metallic sodium reacts with alcohol to 
form sodium ethoxide and liberates hy- 
dogen: 


Sodium ethoxide is a valuable reagent 
used in organic synthesis to introduce 
the ethyl radical into various organic 
compounds. Sodium ethoxide reacts with 
water to form etliyl alcohol and sodium 
hydoxide: 

CjThONa + HjO -» CsIhOII + NaOH. 

Absorption and Eluiiination 

Alcohol is rapidly absorbed from the 
gastrointestinal tract. Approximately 20« 
passes through the gastric mucosa, the 
remainder through the intestine, mainly 
tlie jejunum. Alcohol may be absorbed 
by the colon. The rate of absorption de- 
pends largely upon the concentration in- 
gested and the dilution. Average 
amounts (50-60 cc.) are usually com- 
pletely absorbed within two or three 
hours. Small amounts of the vapor may 
be absorbed by inhalation. 

Alcohol is distributed uniformly to all 
tissues and body fluids. A longer time 
Interval is required to attain die peak 
concentration in brain and spinal fluid. 
The disappearance is also slower than 
in other tissues. The concentration in 
brain tissues following death from acute 
intoxication varies from 0.27S to O.SttS 
by weight. Alcohol is oxidized in the 
body presuntably to carbon dioxide and 
water. Oxidation proceeds at the rate of 
8 grams per hour as judged by tlie dis- 
appearance from blood of an average- 
sized adult. One gram yields approx- 
imately 7 dietetic calories (7,000 or- 
dinary) of heat. Large doses of alcohol 
may be incompletely oxidized to alde- 
hydes, ketones, and acids which form as 
intermediate products and appear in the 
urine and exhaled air. Disulphuram 
(Antibuse) inhibits the oxidation of the 
acetaldehyde to carbon dioxide and 
water and thus causes it to accumulate 


2CjHiOH -!- 2Na -♦ 2CjH60Na -f H* f . 
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in the blood. The aldehyde causes symp- 
toms of toxicity, such as vasodilatation, 
hypotension, etc. The aldehyde concen- 
tration may be ten times greater than 
ordinarily found after alcohol ingestion 
when this drug is used. Other anesthe- 
tics do not cause the formation of alde- 
hydes and therefore may be used in the 
presence of disulphuram. 

O.xidation of alcohol probably occurs 
in the liver. It is aided by enzymes. In- 
sulin and glucose accelerate the oxida- 
tion of alcohol by tissues and its disap- 
pearance from blood. If small amounts 
of alcohol are taken, approximately 2% of 
the total is eliminated unchanged. If 
large doses are taken, the unchanged 
portion may amount to as much as 305Z 
of the total. Most of the unchanged al- 
cohol appears in the urine though some 
is eliminated through the lungs, in sweat, 
tears, and other secretions. The portion 
escaping by exhalation is usually one- 
half per cent of tlie total ingested 
amount. The concentration in the ex- 
pired air bears a direct ratio to the blood 
concentration although it is consider- 
ably less. The numerical value for this 
ratio is believed to be constant and is 
used to calculate the blood concentra- 
tion from the amount known to be pres- 
ent in exhaled air. The odor appearing 
on the breath is probably due to alde- 
hydes and other products in the ingested 
beverage rather than to the alcohol it- 
self. Alcohol appears in blood approx- 
imately five minutes after oral ingestion. 
Plasma contains t\vice as much by weight 
as the corpuscles. Since absorption pro- 
ceeds at a more rapid rate than oxida- 
tion and elimination, alcohol tends to 
accumulate in blood and tissues. The 
blood level which indicates intoxication 
varies but usually lies somewhere be- 
tween 200-300 ingm. per 100 ml. of 


blood. Ninety per cent of persons who 
have blood concentrations of 300 mgm. 
per 100 ml. are intoxicated according to 
clinical signs. Diuresis accompanies the 
ingestion of alcohol but only when the 
concentration in blood is rising. The 
diuresis may be the result of the depres- 
sion of the pituitar)' with the subsequent 
decrease in circulating antidiuretic sub- 
stance. Diuresis is not seen when the 
blood level is stationary or declining. 
The amount eliminated at a uniform rale 
of urinary secretion varies as the square 
of the amount ingested. The per cent of 
the total eliminated depends upon the 
quantity ingested. 

Analysis ts Tissues 
The quantitative determination of al- 
cohol is important for medicolegal pur- 
poses. Numerous tests and devices have 
been devised for the purpose. Simple 
qualitative tests for alcohol are based 
upon the formation of iodoform, elliyl 
acetate, acetaldehyde, and other sulr- 
stances. Toxiological material, freshly ob- 
tained, is usually acidified with tartaric 
acid and steam distilled in the presence 
of mineral oil to recover the alcohol 
(Chap. 38). The distillate is then treated 
with sulphuric acid and potassium 
dicliromate mixture and distilled once 
again to recover the acetic acid which 
forms. The distillate is titrated with 
standard sodium hydroxide solution and 
the amount of alcohol calculated is meas- 
ured from the acid present. Haggard and 
Greenberg empIo}’ed the iodine pento.x- 
ide train for determinations of alcohol on 
blood and other body fluids (Chap. 7). 
The alcohol is oxidized to carbon diox- 
ide and water wth tlie concurrent lib- 
eration of proportional amounts of free 
iodine and hydriodic acid. Tlie latter are 
titrated with standard sodium thiosul- 
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phate and sodium bisulphite solutions, re- 
spectively, from whicli tlie amount of 
alcohol oxidized is calculated. 

Sulphuric acid-dichromatc mixtures 
may also be used to oxidize the alcohol. 
If a measured excess of the reagent is 
used, the reduced portion may be de- 
termined iodometrically or colorimetri- 
cally and the quantity of alcohol com- 
puted from the reduced portion. 

Chemical Tests for Intoxicatios 

An idea of the amount of alcohol in 
the brain may be obtained by examin- 
ing blood, urine, salii’a, spinal fluid, and 
expired air. The expired air is the easiest 
body material to obtain and is, there- 
fore, used for measuring the alcoholic 
content in toximeler studies (Drunlco- 
meters). The lest is based upon Heniys 
Law; namely, that the concentration of 
alcohol vapor in the alveolar air is pro- 
portional to tlie concentration dissolved 
in the blood, assuming that an equilib- 
rium exists between blood and alveolar 
air. Exhaled air, obviously, is not pure 
alveolar air since it is mixed witb air 
from the bronchi, trachea, etc. There- 
fore, it is also necessary to determine the 
partial pressure of carbon dioxide in the 
specimen. It is assumed dial the alveolar 
air contains 5%% by volume carbon diox- 
ide and diat this is a constant and nor- 
mal in the adult. Thus, by measuring 
the carbon dioxide content of the sample 
it is possible, assuming that carbon 
dio.xide is in alveolar air, to compute the 
amount of alveolar air in the sample. It 
has been determined from data from a 
large series that the concentration of al- 
cohol in grams bears a definite relation- 
ship to the carbon dioxide present in the 
alveolar air. Therefore, tlie percentage 
of alcohol in the blood may be obtained 
indirectly by determining the alcohol in 


exhaled air simultaneously with the car- 
bon dioxide content. The arithmetical 
e.xprcssion used for computation is as 
follows: per cent of alcohol equals con- 
centration of alcohol times 0.2 divided 
by grams of carbon dioxide times 100. 
The carbon dioxide is determined by ab- 
sorption with an alkah', such as Ascarife 
(Chap. 5). Tlie alcohol is determined by 
some technique utilizing the principle 
of oxidation. 

A number of devices are available 
utilizing the above principle. One will 
be described here. The apparatus con- 
sists of a balloon into which tlie subject 
breathes a specimen of his exhaled gases 
of knoivn volume. The air from the bal- 
loon is allowed to enter a branched lube 
which contains 6 grams of dehydrated 
magnesium perchlorate held in place by 
glass wool plugs. A second tube in series 
ivitb this first one is filled with Ascarite 
which is also held in place by glass wool 
plugs. As the exhaled air passes through 
the train the perchlorate traps the alco- 
hol vapors. Tlie perchlorate also absorbs 
the moisture from the air. The Ascarite 
then absorbs the carbon dio.xide. The 
alcohol absorbed by the perchlorate tube 
is then determined by oxidation by pass- 
ing it into potassium permanganate solu- 
tion. The degree of discoloration (reduc- 
tion) of permanganate is an index of tlie 
alcohol present. 

Unless this principle is properly ap- 
plied this meAod of determination is 
subject to serious errors. The correct air- 
blood-alcohol distribution is 1/1300 at 
37.5°C, and not at room temperature. 
One source of error is from the loss of 
alcohol in collecting the samples. This is 
usually combined with the condensed 
ivater vapor in the sampling bottles and 
lost. The concentrarion of carbon diox- 
ide in alveolar air is difficult to deter- 
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mine, since air which is strictly alveolar 
air is difficult to obtain. 

Official Preparations 
Alcohol Is included in the U.S.P. Two 
forms are recognized: alcohol which con- 
tains 92-93.'^ by weight and alcohol, di- 
luted, which contains 41.5% by weight, 
or 48.9% by volume. 

AMYLENE HYDRATE 
Chemical Nature and Properties 

Amylene hydrate, also known as pen- 
tanol. 



is a tertiary amyl alcohol. It was intro- 


duced into therapeutics by Hamock and 
Afeyer in 1S94. The drug possesses mild 
hypnotic properties. Eight possible iso- 
mers of amyl alcohol are possible. Amy- 
lene hydrate is the most potent. The 
drug is largely employed as a solvent for 
tribromethanol. Its use as a hypnotic is 
obsolete. 

Amylene hydrate is a clear, colorless 
liquid (M.W. 88.09) with an aromatic, 
camphor-like odor. The drug possesses a 
low vapor pressure at room temperature 
since it boils at 102“ to 103®C. A white 
solid forms at — 12“C. At 20“C. one part 
dissolves in eight parts of ^vafer. The 
substance is very soluble in benzene, al- 
cohol, etlier, chloroform and glycerine. 
Amylene hydrate may be ignited and 
bums but it does not explode since its 
flash point is high (20*C.). 


Preparation 

Amylene hydrate is prepared by chlorinating the hydrocarbon isopentane: 
CH, CH, 

CHr-i— CHr-CH> + Cl, ^ CH.— C— CHr-CH. + HCl 

J I 

It Cl 


Tlie chlorinated derivative is next hydrolyzed with acidulated water into trimethyl 
ethylene: 


CH, 


CH, 

I 


CH,— C— CH,— CH, -* CHr-C=CH— CH, 

i, 


which is an unsaturated hydrocarbon. Hydration to amylene liydrate occurs readily 
by reacting the hydrocarbon with 50% ethyl alcohol and water: 


CH, 

Cfl,— C=CH-CH,-i-H,0 


CH, 

I 

CH,— C— CII-CH, 
I 

on 
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STADILm' 

Amyicne hydrate is easily oxidized by 
chromic acid and Other oxidizing agents. 
Various degradation products fonn» de- 
pending upon the temperature, concen- 
tration, and other conditions. Ketones 
and aldehydes are the most common by- 
products, but acids may form also. The 
drug is stable if preserved in tightly- 
stoppered dark bottles which exclude 
light and air. 

Uses 

The chief use of amylene hydrate is as 
a solvent for Iribromethanol to form 
“avertin fluid.” One gram of tribrometh- 
anol dissolves in H gm. of alcohol to form 
1 cc. of fluid. This mixture is heavier 
than water and sinks to the bottom of 
the container. Amylene hydrate floats 
(S.G., 0.807). The hydrate is rarely em- 
ployed as a hypnotic in clinical medicine 
inasmuch ns more efficient drugs are 
available. 

FATE 

The metabolic fate of amylene hydrate 
differs from one species to Uie next. In 
man, the drug is eliminated unchanged 
by the kidneys. Some may be eliminated 
from the lung, but the vapor pressure of 
the alcohol at body temperature is too 
low to rely upon this channel for elim- 
ination. In animals the alcohol is conju- 
gated with glucuronic acid and excreted 
into the urine. 


METHYLPARAFYNOL 

PltOPEnTICS 

Pentynol (methyIparaf)mol), a hyp- 
notic without analgesic or anesthetic 
properties knoum under the proprietary 
name of Dormison (Schering), was intro- 
duced in 1951 by Margolin and his as- 
sociates. This compound is a triple 
bonded six carbon alcohol. The bond is 
between the first and second carbon 
atom. Tlie third carbon atom bears the 
hydroxyl group and also a methyl group. 
The full chemical name is 3, methyl 
pent^mol 3. Hie compound is a tertiary 
alcohol. The substance is a liquid with a 
hydrocarbon-like odor which boils at 
118-121°C, 

Fate 

The drug is readily absorbed from the 
gastrO'intestinal tract. Ten minutes after 
an intravenous injection in an animal 
20Z of the dose may be recovered in the 
blood. None is present after two hours. 
The drug passes into muscle, fat and the 
brain. Tl:e drug is probably metabolized 
to carbon dioxide and water by the liver 
and kidney. None can be delected in tlie 
urine during the 24 hours after injection. 

POLYHYDRIC ALCOHOLS 

Polyhydric alcohols possess no hyp- 
notic effects. The propandiols however 
are esterified with carbamic acid. These 
derivatives are used as ataractics (Chap. 
20 ). 


CHAPTER 12 


Aldehydes and Ketones 


FORMATION OF ALDEHYDES 
AND KETONES 


Aldehydes antj ketones are com- 
pounds resulting from the oxida- 
tion of alcoliols. The oxidation of a pri- 
mary alcohol yields an aldehyde; oxida- 
tion of a secondary alcohol, a ketone. 


H 

i 

2CHr-C— CH, + O, 

1 

OH 


The oxidation of a tertiary alcohol results 
in various degradation products. The 
oxidation of an aldehyde may be loohed 
upon as a dehydrogenation of the alco- 
hol. The name “aldehyde” has been de- 
rived from this process (alcohol dehydro- 
genatus). Structurally, an aldehyde is a 
hydrocarbon in which one Iiydrogen 
atom is replaced by an aldehyde group, 
R— C— H. 

1 ! 

o 

The formation of an aldehyde group 
may be looked upon as the removal of 
two hydrogen atoms from the terminal 
carbon bearing the hydroxyl group of a 
primarj’ alcohol. One hydrogen is de- 
rived from the hydrox)d group and one 
from the carbon atom. The aldehyde 
group is always witten CHO, and not 
COH. 

Tlie hydroxj’l group of a secondary 
alcohol is never on a terminal carbon. It 


is always located on a carbon which 
bears two radicals and one hydrogen 
atom. If a hydrogen atom is removed 
from both tlie carbon carrying the hy- 
droxyl group and tl\e hydroxyl group it- 
self, the ketonic or carbonyl group re- 
sults. This goes on during oxidation of a 
secondary alcohol. 


2CHr-C— CH, -|- 2HsO. 

n 

0 


Aldehydes and ketones, as such, play 
insignificant roles in anesthesia. Aliphat- 
ic aldehydes are mildly hypnotic. Po- 
tency and toxicity increase as molecular 
weight increases. The aldehyde group, 
as a rule, seems to confer irritating prop- 
erties. Aliphatic aldehydes are neutral, 
colorless gases or liquids which are very’ 
soluble in water. Aldehydes are more 
volatile than the alcohols from which 
they are derived. Formaldehyde 
(HCHO) is the simplest member of the 
homologous series of aliphatic alde- 
hydes. The substance is a gas which 
boils at — 21°C. Methyl alcohol, from 
which it is prepared, boils at 68°C. 
Acetaldehyde, which is the next higher 
homologue of the straight chain series, 
is prepared from ethyl alcohol. This is a 
liquid wliich boils at 21®C. (alcohol B.P. 
TS^C.). Volatility and water solubility 
of aliphatic aldehydes decrease as their 
molecular weights increase. Oxidation 
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converts aldehydes to organic or car- 
boxylic acids. 

CIIENfICAL BEHAVIOR OF 
ALOEinDES \m) 

KETONES 

In addition to aliphatic aldehydes, one 
may also encounter alicycHc, aromatic, 
and heterocyclic aldehydes. An aldehyde 
group replaces a h)'drogen atom from 
one of these. Bcnzaldehyde, 


yx;;;CnO 



is the simplest member of the aromatic 
series of aldehydes. Certain narcotics are 
comple:c helerocylic ketones (Chap. 18). 

Reduction of CorPEn and Silxxr 
Compounds 

Tlie aldehyde group responds in a 
number of specific ways to certain chem- 
ical reagents. Tliese reactions scrx'c to 
differentiate it from other groups. These 
responses occur regardless of llie type 
structure upon which tlie radical ap- 
pears (l.e., aliphatic, allcycllc, aromatic or 
heterocyclic). Aldehydes are oxidized to 
acids by the oxides of heavy metals, par- 
ticularly those of silver or copper. Tol- 
len s reagent, which is prepared by dis- 
solving silver hydroxide in ammonium 
hydroxide, provides the silver oxide. The 
latter compound, AgaO, is reduced to 
metallic silver which precipitates in a 
finely divided form. Cupric hydroxide, 
Cu(OH) 3, may be made xv’aler soluble by 
the addition of glycerine (Haine's solu- 
tion). The formation of a complex tar- 
trate ion (Fehling’s solution), or complex 
citrate ions (Benedict’s solution), occurs 
readily with cupric salts in the presence 
of alkalies. Hie copper in these cupric 
compounds is reduced to fhe cuprous 
state, aided by heat. Cuprous oxide, 


wliicli is red forms as a precipitate 
bohtjdralcs arc comple.t polyhydric 
hols which have, in addition to ll 
droxyl group, an aldehyde or a k 
group on one of the carbon atoms, 
respond to these tests, also. 


Fon^fATiON or Additio.v Fboduct 
The aldcliyde group adds or tal 
certain substances to form addition 
nets. Sodium hydrogen sulphite, i 
dium bisulphite (NaHSOj) adds di 
and forms the addition product 
Iratcd by tlie following reaction: 


CihCIIO A- NallSO,-* 



Bisnlphitc addition products are cr 
lino precipitates, particularly 
formed from high molecular welg’ 
dehydes, Tliis reaction frequent 
used to prepare aldehydes in pure 
since alkalies release the aldehyde 
the bisulphite. Ammonia may alsc 
to the aldehyde group to form an 
htjde-ammonia which is actuallj 
amine. The formation of these a 
compounds is illustrated by the fo 
ing reaction: 

II H 


R— C=0 + Nil* -* R— CV-OH. 

XKi 


Chloral (Chapter 15) forms an « 
tion product of this type which has 
notic properties. H}'drogen c)X 
(HCN) also may add to form cf/c 
drins: 


IICHO -i- IICN— R- 


H 

; — ^R — dj — OH- 
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Aldehydes may be transformed into al- 
cohols by the addition of two hydrogen 
atoms to the hydroxyl group. This may 
be accomplished by the aid of metallic 
catalysts, such as copper, nickel, or zinc. 
The alcohol from which the aldehyde 
was originally derived is formed: 

RCHO + 2H RCHiOH 
Substitution reactions occur between 
aldehydes and certain compounds con- 
taining the NHa group, chiefly the hy- 
drazines and hydroxylamines and semi- 
carbazides to form hydrozones, osazones, 
oximes and semicarbazones respectively. 
Two hydrogen atoms of the amino group 
combine with the oxygen in the car- 
bonyl group of the aldehyde radical to 
form a molecule of water. 

H 

I 1 1 

R— OiO + H,'N— OH 
< H 



(P.xime) 


II 

I I 1 

R-_O=i0 -1- HjiN— NH, 

« f H 

— n_C=K— lOJ, 
(Hydrazone) 


H 

[ I 1 

R— O=i0 -I- HjN—C— NH. 

■----'t 11 
H 0 

R— C=N— N-C-NH, 

I f (1 

H HO 

(Semi-carbazone) 


These derivatives are high-boiling-point 
liquids or solids, depending upon the 
molecular weight of the aldehyde from 
which they are formed. They are of in- 
terest because they possess individual 
boiling or melting points and may be 
used for the identification of aldehydes. 


POLYMERIZATION OF ALDEHYDES 
One characteristic of aldehydes is 
their tendency for a number of mole- 
cules to combine with one another to 
form new compounds. Such a reaction in 
which several molecules of a particular 
compound unite to form a heavier mole- 
cule is known as polymerization. If 
formaldehyde in aqueous solution is 
evaporated to dryness it yields para- 
formaldehyde {HCHO)n. The exact num- 
ber of aldehyde molecules in this com- 
pound is not known. Acetaldehyde is the 
aldehyde of most interest to the anes- 
thetist because it forms the basis of sev- 
eral hypnotic drugs. It readily polymer- 
izes in the presence of traces of sulphuric 
acid at room temperature to a liquid 
known as paracetaJdehyde, or paralde- 
hyde (CH3CH0)3. Three molecules of 
acetaldehyde interact to form this poly- 
mer. If the reaction is carried out at 
0'*C., a solid substance metaldehyde 
(CHsCHO)< forms. The exact number of 
acetaldehyde molecules required to form 
metaldehyde is not kno^vn. 


PARALDEHYDES 

Other ah’phatic aldehydes may be 
converted to paraldehydes. Paraldehydes 
possess a cyclic structure composed of 
three carbon atoms alternating wth 
three oxj'gen atoms. Their formation is 
illustrated by the following general reac- 
tion: 


H 

3CHr~CHO -• i— CH. 


ill. 


in. 


No free aldehyde group is present any- 
where on the ring. Tlierefore, paralde- 
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Iiydes do not respond to the tests for the 
aldehyde group. Paraldehydes arc in 
reality pohjethcrs (see ethers). 

Paraldehydes possess hypnotic proper- 
ties. Tliey are less volatile and irritating 
tlian aldehydes. Knoefel examined the 
series of aliphatic paraldelydes through 
parabutyraldeliyde. He found that par- 
acetaldehyde was the least toxic and 
most effective. Metaldehyde possesses 
hypnotic properties. However, it is more 
toxic than paraldehyde and not used 
clinically. Boiling polymers of aldehydes 
with dilute mineral acids regenerates the 
respective aldehydes whicli originally 
entered in the polyTOerizalion reaction. 


ALDOLS 

In the presence of dilute aqueous 
alkalies, aldehydes undergo a reaction 
known as the aldol condensation. Two 
molecules of the aldehyde interact in 
such a manner that tlie hydrogen atom 
from the alpha carbon on one molecule 
(the carbon bearing the CHO) “migrates” 
to the oxygen of the aldeliyde group on 
the other molecule converting it to a 
hydroxyl group. Tlie reaction between 
two molecules of acetaldehyde is illus- 
trated as follows: 


ClijCHO + CHsCIIO — CIIj 


H H 

— CHO 

I I 

OH H 


Carbohydrates and other polyhydric 
aldehydes, which are of vital impor- 
tance biologically, may form from alde- 
hydes in this manner. 


UNSATURATED ALDEHYDES 
Aldelrydes possessing unsaturated link- 
ages in their structures are kmowm but 
are of no importance in anesthesia. Acro- 
lein or propenal is the simplest member 


of the unsaturated aliphatic series of al- 
dehydes. Structurally, it is ethylene with 
one hydrogen atom replaced by the 
aldehyde group: 



Acmlein is an irritating substance which 
possesses a bronchoconstrictor action. 
Small amounts form when glycerol is 
oxidized at high temperature in tlie pres- 
ence of a dehydrating agent, or when 
fats bum, 

The names of aUIehijdes usually end 
with the suffix "nZ.” Formaldehyde may be 
called methanali acetaldehyde; ethanal, 
propionaldehyde, propanal, butyralde- 
byde, butanal, and so on, 

KETONES 

Ketones may serve as starting prod- 
ucts for some anesthetic drugs. Ketones, 
themselves, are not used for anesthesia. 
The simplest member of the aliphatic 
series of ketones, dimethyl ketone, is 
knonm ns acetone. Acetone possesses a 
symmetrical structure; 

A 

In symmetrical ketones, both radicals at- 
tached to the carbcfnyl or ketonic grcftip 
are similar. In unsymmetrical ketones, 
the radicals are dissimilar. The ketonic 
group, as with the aldehyde group, may 
occur on aromatic, alicyclic, and hetero- 
cyclic structures also. 

Phenyl methyl ketone, 



or "hypnone,’’ is one of the few ketones 
whicli has been used clinically: Ketones, 
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like aldehydes, are water-soluble sub- 
stances. Usually they are liquids. Some 
are solids, depending upon their molecu- 
lar weight. The low molecular weight 
ketones are flammable. An increase in 
molecular weight, as with other com- 
pounds, results in a decreased volatility, 
water solubility, and flammability. Ke- 
tones behave in many ways like alde- 
hydes. Reduction by hydrogen, aided by 
a catalyst, forms the secondary alcohol 
from which it is originally derived. Di- 
hydric alcohols, knowns as pinocals, also 
form during the reduction. Oxidation 
of ketones with mild agents, such as sil- 
ver or copper reagents, used to oxidize 
aldehydes, is not easily accomplished. 
Vigorous oxidation causes a breakdown 
of the molecule to acids, aldehydes, and 
other miscellaneous products. Ammonia, 
hydrogen cyanide, hydroxylamine, and 
hydrazines react with ketones in the 
same manner as do aldehydes. Sodium 
bisulphite adds to ketones, but only to 
alky] methyl ketones: 

ONa 

CHr-i— R. 

iso. 

Ketones do not polymerize easily. The 
names of hetones usitaUij end toUh the 
stifix “one." Thus, acetone may also be 
called propanone; methyl ethyl ketone, 
may be called butanone, and so on up 
the aliphatic series. Unsaturated ketones 
are kno\vn but are not important in this 
discussion. 

Ketones manifest tautomerism (Chap. 
9). Certain atoms of certain types of 
compounds are able to “wander” or shift 
from one position to another in the mol- 
ecules to form new isometric structures. 
Such a shifting is called tautomerism. 
The isomers are tautomers. In the case 
of ketones, a hydrogen atom migrates 


from the adjacent carbon to the carbonyl 
to form an “enoT instead of a ketone. 
The hydrogen of the hydrox)’! group of 
the enol can often be substituted by 
metals. The reaction of ketone to enol is 
reversible. This phenomenon occurs in 
barbiturates also (Chap. 19). 

Aldehydes and ketones react with 
halogens and phosphalides to form a 
variety of useful derivatives. Halogen- 
aled ketones are starting points for hyp- 
notic and anesthetic drugs. These are de- 
scribed in detail under halogenated com- 
pounds. Halogenated ketones possess ir- 
ritating (tear gases) properties and are, 
therefore, of little use as hypnotics. In 
fact some have been used as gases for 
warfare. 

PARAbDEHYDE 

Formation 

Paraldehyde forms by the polymeriza- 
tion of three molecules of acetaldehyde 
in the presence of a trace of concentrated 
sulphuric acid. Heat is evolved in the 
reaction. Paraldehyde possesses a cyclic 
structure consisting of alternate oxygen 
and carbon atoms (page 277). 

The substance is a mild hypnotic of 
low potency, introduced into medicine 
by Cer\’ello in 1882. The molecule pos- 
sesses no free aldehyde group and, there- 
fore, does not respond to any of the 
chemical tests for aldehydes. Therefore, 
sodium bisulphite, ammonia and hydro- 
gen cyanide do not form addition com- 
pounds. No reduction occurs with cop- 
per and silver reagents. 

Properties 

The polymer is a colorless liquid with 
a characteristic, pungent, somewhat 
fruity odor, and a warm but disagreeable 
taste. As one would expect from its spe- 
cific gravity (0.994 at 25“C.), the liquid 
overlays water. It boils at 124“C. The 
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index of refraction, using a sodium liglit 
at 20®C., is 1.40-19. Paraldcliyde is mod> 
erately soluble in water— 1 in 8 parts at 
25°C. The solubility decreases as the 
temperature rises (1 in 17 at 100®C.). 
Tlie drug is highly soluble in organic sol- 
vents, such as ether, chloroform, alco- 
hol, and oils. The oil/water distribution 
coefficient at 37.5 “C. is 3.87. The ratio 
is low because the drug has both a mod- 
erate degree of water solubility and a 
high lipoid solubility. 

SjAnrUTY AND RCACTI\TrY 

Paraldehyde decomposes if exposed to 
light, acids, and air. Dark, well-stoppered 
bottles arc used for storing tlie drug. The 
most common impurity in paraldehyde 
is acetaldehyde which results from dc- 
polymcrization. Acetaldehyde may be 
delected by the use of Tollcn’s reagent 
which yields a black precipitate in tlie 
presence of the free aldehyde group. If a 
portion is treated with dilute potassium 
hydro.xide, a yellow color forms if free 
aldehydes are present, due to the forma- 
tion of resins. 

Aldehydes are easily oxidized to acids. 
Aqueous solutions of pure paraldehyde 
are neutral. Sulphates and sulphuric 
acid, which could be contaminants of 
manufacture are detected by means of 
barium salts. One drop of hydrochloric 
acid and three drops of saturated barium 
chloride solution are added to 10 cc. of 
a 1 in 10 aqueous solution of paraldehyde 
in distilled water. A white precipitate 
of barium sulphate forms if the test is 
positive. Chlorides, or hydrochloric acid, 
are detected by adding several drops of 
concentrated silver nitrate acidified with 
concentrated nitric acid to dilute aque- 
ous solutions of paraldehyde. A white 
precipitate indicates the presence of a 


halide ion. Aldehydes are estimated 
quantitatively by titrating with solutions 
of hydroxylamine hydrochloride. 

Quantitative Analysis 
Methods have been devised for quanti- 
tative estimation of paraldehyde in blood 
and other fluids. The paraldehyde may 
be depolymerized with sulphuric acid 
and the acetaldehyde isolated by steam 
distillation into a measured excess of 
sodium bisulphite. The aldehyde com- 
bines to form a bisulphite addition prod- 
uct. Tlie uncombined sodium bisulphite 
is titrated with iodine. The aldehyde bi- 
sulphite addition product is then decom- 
posed by means of sodium carbonate and 
the liberated sodium bisulphite is ti- 
trated with standard iodine solution. 
Computation of the quantity of aldehyde 
is made from this latter titration. Bo- 
dansky and his associates oxidized the 
acetaldehyde to acetic acid with a po- 
tassium dichromate and sulphuric add 
mixture instead of combining it with 
sodium bisulphite. A knoivn excess of 
chromic acid mixture is employed. The 
aldehyde content is calculated from the 
unus^ portion of chromate mixture, 
which is determined iodomelrically. 

Paraldehyde has a low vapor pressure 
at room temperature and cannot be ad- 
ministered by inhalation. It is, therefore, 
classed among the non-volatile com- 
pounds. The concentration in blood of 
dogs anestlietized with the drug av- 
erages 80 mgm. per 100 cc. Tlie drug is 
distributed throughout all tissues. Mus- 
cles, liver, and spleen absorb the drug 
in approximately equal amounts. 

Detoxtogation 

Tlie metabolic fate of paraldehyde is 
not definitely kmown. Apparently it 
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varies from species to species. A certain 
amount is eliminated unchanged by the 
lung in man and can be detected in the 
exhaled air shortly after ingestion. Def“ 
andorf noted that 7% of the total paralde- 
hyde administered to dogs by vein to 
produce anesthesia was eliminated wth- 
in 24 hours. A product is eL'minated in 
the urine of dogs which has reducing 
properties. Detoxification in the dog is 
by conjugation. The liver plays the im- 
portant role in detoxification. In the rat, 
paraldehyde is eliminated practically un- 
changed quantitatively. The exact me- 
tabolic fate in man remains to be deter- 
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mined. Some unchanged paraldehyde is 
eliminated in urine of man and animals. 

Flammability 

Paraldehyde may be ignited by apply- 
ing a flame directly to it or by heating 
it. It bums with a smoky flame. The 
vapor concentrations are so low at ordi- 
nary temperatures that air or oxygen 
mixtures are non-explosive. 

The drug is compatible with benzyl 
alcohol. The latter is an aromatic alcohol 
used for local anesthesia to alleviate irri- 
tating effects produced by paraldehyde 
upon the mucosa following rectal use. 
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Acids, Acyl Derivatives, and Esters 


MONOCARBOXtXIC ACIDS 
HE carboxyl group, 

0 

II 

-c— on, 

is a radical composed of a carbonyl 
group, C = O and a h 3 ’droxyI group. The 
carboxyl group, often ^VTitten (COOH), 
confers acidic properties to organic com* 
pounds. One carbo.xyl group replaces 
one liydrogen atom of a compound to 
form a monocarhoxylic acid. Tire car* 
bo.'cyl group combines w'itli hydrogen to 
form the simplest organic acid, formic 
acid. In the series of saturated straight- 
chain hydrocarbons, such a substitution 
on a terminal carbon atom gives rise to 
a series of aliphatic monocarboxyb'c acids 
often referred to as the fatly acids. The 
acid wliich foms when one hydrogen of 
methane is substituted is called acetic 
acid and is represented by the structure 
CHaCOOH. Propionic acid, the next 
higher member of this aliphatic series, 
is CaHaCOOH; butyric is CaH,COOH; 
valeric is CaH;COOH; and so on. The 
liigh molecular u’cight derivatives, diosc 
with 16, 18, and 20 carbon atoms, are 
known as the fatty acids. Tliey are im- 
portant in lipoids. Oxidation of alde- 
hydes produces carbo-xylic acids. 

POLYCAnBOXYLIC ACIDS 
When two carboxyl groups are substi- 
tuted for hydrogen atoms on a com- 


ACIDS 

pound, a dicarhoxylic acid results. The 
simplest dicarboxylic acid is oxalic acid 
which consists of two carboxj’l groups 
joined together 

COOH 

cooh' 

A dicarboxylic acid of interest in anes- 
thesia is malonic acid. Malonic acid is 
important in the formation of barbitu- 
rates (Chap. 15), It is really acetic acid 
with one additional carbo.vyl group re- 
placing a hydrogen atom CHj(COOH)s. 
Other important dicarboxylic acids are 
succinic, tartaric, glutaric, maleic, and 
fumaric. 

Acids may be unsalurated and contain 
double bonds. Oleic acid, Cj»HjjCOOH, 
the most familiar of this type, is an im- 
portant constituent of fats and oils. The 
straight-chain aliphatic, monocarboxj’lic 
acids, both saturated and unsaturated, 
are called fatty acids. Tricarboxylic acids 
are also lmO\vn, of which citric acid is 
the most important. 

When the carboxyl group replaces one 
or more hydrogen atoms on the benzine 
ring and other aromatic hydrocarbons, 
aromatic adds form. One hydrogen on 
the benzine ring replaced by a carbo.^I 
group forms benzoic add, 

OOH 
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Similar substitutions on tbe naphthalene 
hydrocarbon give rise to naphthoic acid. 



Heterocyclic groups and alicyclic com- 
pounds may also have the carboxyl group 
substituted on their structures to form 
acids. 

The replacement of a hydrogen atom 
of a hydrocarbon by a carboxyl group 
markedly decreases its volatility and 
flammability and increases its water solu- 
bility. The lipoid solubility may dimin- 
ish. 

In aqueous solution, organic acids 
ionize to yield hydrogen ion as do the 
mineral acids. The hydrogen ion is rep- 
resented as coming from the hydroxy) of 
the carboxyl group: 

° \ I ] 

R— C—OH— LK— O-Oj -f-H+ . 
Certain substances, of which barbituric 
acids are perhaps the best examples, do 
not have a carboxyl group but do behave 
as acids. These will be discussed subse- 
quently. Neutralization of organic acids 
by mineral or organic bases yields or- 
ganic salts. The metallic ion replaces the 
hydrogen in the hydroxyl of tbe carboxyl 
group: 

CihCOOn + NaOH -> CHjCOONa + HjO 


Organic acids react with alcohols to form 
esters and water: 

RCOOII + R.OH RCOORi -f- H-O 
HYPNOTIC EFFECTS OF ACIDS 
Carbo:^Iic acids are unimportant as 
anesthetic drugs. As a rule, if a carboxyl 
group enters into the structure of a com- 
pound which possesses anesthetic ac- 
tivity, this activity decreases or is en- 
tirely suppressed. Ethylene, which is a 
hydrocarbon and is a satisfactory anes- 
thetic drug, forms acrj’lic acid when one 
hydrogen atom is replaced by a carboxj’l 
group; 

CHr=CHf-»’CHf=*CH COOH 
The acid thus formed is an irritating 
non-anesthetic substance. In the cocaine 
molecule, methyl ecgonine is essential 
for anesthetic activity. If hydrolyzed to 
ecgonine and methyl alcohol, a free car- 
boxyl group is present on the molecule 
and the anesthetic property of the sub- 
stance is decreased. 

NOMENCLATURE 

Carboxylic acids are designated by 
the ending "oic” which replaces the “e" 
of the hydrocarbon. Formic acid may be 
called methanoic acid; acetic, ethanoic; 
propionic, propanoic; butyTic, butanoic; 
and valeric, pentanoic and so on up the 
series. 


ACYL COMPOUNDS 

The radical, acyl group may enter into many organic 

0 compounds. The acyl radical is named 

11 after the acid from which it is derived. 

CH; C , chloride of acetic acid is called 

is called the acyl radical. Tlie acyl radi- acetyl chloride. The “ic” of the ending 
cal is derived from a carboxylic add by of Uie acid is substituted by "yl.” Acyl 
dropping the OH group. Acids could oxides are anhydrides of organic acids, 
be considered as “acyl hydroxides." The Diacetyl oxide, or acetic anhydride. 
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CIIr~C 


\ 


cir,— c 
11 
0 


yields acetic acid when mixed with 
water. Certain compounds derived by 
acylation of ammonia, known as amides, 
are important as hypnotic drugs. These 
will be described subsequently. 


ESTERS 


Alcohols, and this applies to all types, 
primary, secondary, tertiary, aliphatic, 
aromatic, alicyclic, or heterocyclic, react 
with mineral or carboxylic acids to form 
esters. The hydrogen of the acid and the 
hydroxyl group of the alcohol unite to 
form water. The acid radical joins with 
that of the alcohol forming an ester. The 
reaction between ethyl alcohol and acetic 
acid to form ethyl acetate is illustrated 
by the following equation*. 


CHiCOOH + CjHjOII 

-» CHtCOOCiHi + n,o 


Ethyl acetate is a clear, colorless, flam- 
mable liquid which boils at 77*’C. It 
possesses a characteristic fruity odor and 
pleasant taste. Ethyl acetate possesses 


some narcotic potency but less than 
etljyl alcohol, yet, of course, more than 
acetic acid which has none. Esters of 
aliphatic acids and alcohols are uirim- 
portant as anesthetics or sedative drugs 
because they are weak depressants. Cer- 
tain heterocyclic and aromatic esters are 
of considerable importance as local anes- 
thetic drugs or stimulants. Certain esters 
of carbamic acid and aliphatic alcohols 
have been used for sedation. Inasmuch 
as carbamic acid is a relative of urea, 
these are discussed under that heading. 

If esters react u’ith water in the pres- 
ence of acids or alkah'es, they undergo 
hydrolysis. The hydrogen and the hy- 
droxyl ions of water are utilized to re- 
generate the acids and the alcohol. 



CHAPTER 14 


Ethers, Alkene Oxides, and Acetals 


GENERAL CONSIDERATION OF 
ETHERS 

E thers are organic oxides. Two or- 
ganic radicals are attached to an 
atom of oxygen. They may be considered 
as water, which is hydrogen oxide 
(HOH), with both its hydrogen atoms 
substituted by all^'l, aryl, alicyclic, or 
heterocyclic groups (R— O— R). The 
all^l substitutions yield aliphatic ethers 
which are of importance because they 
possess anesthetic properties. The alkyl 
radicals are derived from alcohols. 
Ethers may be either symmetrical, where 
the same group is used to replace both 
hydrogen atoms of water, or unsi/m- 
metrical, where the groups are dissimilar. 
In cases where one or both substitutions 
are aryl groups, aromatic ethers form. 
Generally if one group is anall^'land the 
other an aromatic or other type grouping 
the ether is still considered as being aro- 
matic. Aromatic ethers are unimportant 
as general anestlietic drugs since they 
have no anesthetic activity. Alicyclic and 
heterocyclic ethers are also known. 
Mixed alicyclic and aliphatic ethers 
posses anesthetic properties. Unsaturated 
ethers also exist. The radicals may be 
arranged so that one is saturated and 
one unsaturated, or the ether may be 
symmetrically unsaturated. 

ALIPHATIC ETHERS 
Aliphatic ethers may be straight 
chained or the chain may be branched. 


The hydrogen atoms may be replaced by 
halogens to give halo etliers or by hy- 
droxly groups to form hydroxy-ethers. 
The simplest member of tlie series of 
saturated aliphatic ethers is dimethyl 
ether. CHi — O— CHs. Richardson at- 
tempted to introduce this as an anes- 
thetic agent in 1867 but the results of its 
use are disappointing. The etlier is a 
gas which boils at — and requires 
an inhaled concentration of 60% to 802 
by volume for anesthesia in animals. 
Methyl ethyl ether, CHj— O— CjHs, 
boils at 7.9®C. No mention of its use as 
an anesthetic is made. The next member 
of the series is diethyl ether, or the 
“ether” which is so widely used in medi- 
cine. Diethyl ether boils at 34.6''C. and 
requires an average of 4% in the alveoli 
for anesthesia. Meth)’l propj'I ether 
(Melopryl) is an isomer of ethyl ether. 
It is more potent. Brown used n-propyl 
ethyl ether, CsHt — O— CjHj, which 
boils at 63.6®C. and found the drug po- 
tent and safe in man. This ether seems 
to be more potent than ethyl ether. 

The greater narcotic potency of unsatu- 
rated hydrocarbons, such as ethylene and 
propylene, over the saturated counter- 
parts attracted attention to unsaturated 
ethers. A series of unsaturafed ethers was 
investigated by Leake and Chen. These 
included divinyl oxide, ethyl vinyl oxide, 
and allyl ethyl oxide. Divinyl oxide w-as 
found to possess the least toxicity and to 
be the most useful of the lower molecu- 
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lar weight unsaturated ethers. Tlie po- 
tency of these unsaturated compounds is 
greater than that of the saturated but 
the demarcation is not as well defined as 
between saturated and unsaturated hy- 
drocarbons. The success of the cyclic 
hydrocarbon, cyclopropane, directed 
Krantz and coworkers to investigate the 
potency and usefulness of alieyclic sub- 
stituted ethers. The simplest member of 
the series of alieyclic ethers is cyclo- 
propyl methyl ether (cyprome). This 
ether is more potent than the straight- 
chain isomer. Tlie next higher homo- 
logue is cyclopropyl ethyl ether (cy- 
preth). This possesses anesthetic potency 
greater than the lower molecular weight 
homologue. It has been under investiga- 
tion as an anesthetic for man. Cyclo- 
propyl propyl ether and eyclopropyl bu- 
tyl ether have been prepared and are 
also under investigation. Recently, cyclo- 
propyl vinyl ether has been prepared 
witli the idea of combining radicals de- 
rived from cyclopropane, divinyl ether, 
and the oxy group of ethers— all potent 
agents. 

POTENCY AND STRUCTURE 
Etliers are prepared from alcohols or 
other derivatives of alcohols. Methyl 
ethyl ether, for example, is derived from 
and related to methyl and ethyl alcohols. 
Ethers are more volatile than the corre- 
sponding alcohols from which they are 
derived. Ethyl alcohol, from which ethyl 
ether is derived, boils at However, 
the ether is less volatile than the hydro- 
carbon to which the alcohol is related. 
Dimethyl etlier, for example, although a 
vapor, boils at a higher temperature than 
methane. Volatility of an ether decreases 
with the increase in carbon content or 
molecular weight of the etlier. Water 
solubility of ethers is low and always less 


tlian that of related alcohols. Water solu- 
bility is greater than the hydrocarbon to 
which the ether is related. Water solu- 
bility decreases with molecular weight. 
Aliphatic and alieyclic ethers are lipo- 
philic. Potency and toxicity of ethers in- 
creases as the molecular weight in- 
creases. For example, dimethyl ether is 
less potent than diethyl, and diethyl 
ether is less potent than methyl propyl 
ether. In the series of symmetrical ali- 
phatic ethers, of 2-10 carbon atom con- 
tent, the potency varies inversely as tJie 
volatility. Of two isomeric ethers the 
ether with the longest chain is the most 
potent. Likewise the one with the high- 
est boiling point is the most potent. Hy- 
droxylalion of an aliphatic ether reduces 
its narcotic potenc)'. Dihydroxy diethyl 
ether (diethylene glycol) is more water 
soluble than ethyl ether, but lipophilic 
properties are lost. Halogenation de- 
creases volatility and increases potenc)', 
irritating and toxic properties. Halogen- 
ated ethers ore discussed in Chapter 15. 

Unsaturated ethers are more volatile 
and generally less stable than saturated 
ethers. Polymerization occurs more read- 
ily than xvilh saturated compounds. Tox- 
icity of aliphatic ethers increases directly 
as molecular weight increases irrespec- 
tive of isomeric structure. Ethers pre- 
pared from branched-chain alcohols are 
more volatile than those from straight- 
chain compounds. Water solubility de- 
creases as molecular weight increases 
since the compound tends to approach 
the hydrocarbons in physical and chemi- 
cal properties. 

FLAMMABILm' 

Ethers are flammable. The flammabil- 
ity decreases as the molecular weight in- 
creases. The lower limit of flammability 
in volumes per cent of aliphatic satu- 
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rated ethers is, roughly speaking, the 
number of carbon atoms in the ether di- 
vided by six. Force of explosion is less if 
the mixture is composed of higher mo- 
lecular weight ethers. 

Ethers are inert to many chemical 
agents in vitro. A cleavage occurs at the 
oxygen linkage which regenerates the 
alcohol. If an ether reacts with concen- 
trated cold hydriodic acid or warm con- 
centrated sulphuric acid, or is treated 
with steam under pressure, an alkyl hal- 
ide or bisulphate forms in addition to the 
alcohol. The following equations illus- 
trate the reaction. A single cleavage re- 
sults xvith these reagents— that is, only one 
alkyl radical is detached from the oxy- 
gen atom. 


exact chemical structure is undetermined 
and may vary with the type of ether and 
conditions under which oxidation occurs. 
Other chemical reactions are discussed 
in detail under individual ethers. Ethers 
may be named by the Geneva system. 
Dimethyl ether would then be called 
metho^methane; ethyl ether, ethox)' 
ethane and so on. As a rule, volatile 
anesthetic ethers of the aliphatic and 
alicyclic type all appear to be inert in the 
body and are eliminated unchanged. 

ETHYL ETHER 

Historv 

The ethyl radical, or structures related 
to it, seems in many cases to be the least 
toxic and most satisfactory from a physi- 


R— O-R -1- HtSO*-» ROH -I- RHSO 4 (sulphuric acid) 
R— O— R + m-^ ROH + RI (hydriodic acid) 
R— 0— R 4- H,0 


Reagents, such as phosphorus penta- 
chloride, hot hydriodic acid, and hot 
concentrated sulphuric acid cause a 
double cleavage at the oxygen linkage. 
Both all^’l radicals are detached from 
the oxygen atom: 

R,— O— R + PCI, -» RiCl + RCl + FOCI, 

Rx— O— R + 2HI -» R,I + RI + HjO 
Hydrogen atoms in the aliphatic or aro- 
matic radicals may be replaced by lialo- 
gens and other substituting groups. AU 
the hydrogen atoms may be replaced by 
halogens so that there is a complete sub- 
stitution on the radical. Prior to the intro- 
duction of fluorinated ethers halogenatcd 
ethers were not considered to be impor- 
tant. 

O.xidation converts ethers to perox- 
ides. Their general formula may be de- 
scribed as being [R— 0~R)20i]». Ether 
peroxides are unstable substances. Tlieir 


ROH + ROH (steam) 

ological standpoint. Ethyl alcohol is the 
initial raw material for many useful 
anesthetic drugs. In others, the ethyl 
radical enters into the structure or pre- 
dominates as a substituting group. 

Ethyl etlier, the ordinary anesthetic 
“ether,” has now had over a one hundred 
year-trial and still leads in satisfactory 
performance as an anesthetic agent. As 
has been previously mentioned, ethyl 
ether, or diethyl oxide, C*Hs — O — 
C?H*, consists of two ethyl groups at- 
tached to an oxygen atom. Ethyl ether 
may also be called etho.xj'elhane. Ethyl 
ether was first prepared in 1540 by 
erius Cordus who referred to it as sweet 
vitriol. The narcotizing action of this 
important substance xvus first noted by 
Faraday. Ether was first used clinically 
for surgical anesthesia by Long of 
Georgia, in 1842, and Morton of Bos- 
ton, in 1846. 
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sodium, however. Ether is unafFected by 
alkalies, either strong or weak, in dilute 
or concentrated solution. Concentrated 
sulphuric acid and potassium dichromale 
(chromic acid) first convert ether to alco- 
hol and then oxidize it to acetic alde- 
hyde. Acetic acid and— ultimately— 
water and carbon dioxide form if 
heated. This reaction is used as the basis 
for quantitative analysis. Ethers readily 
react with concentrated hydrogen iodide 
(HI) to fonn an organic iodide and the 
alcohol. Tliis reaction is of extreme im- 
portance in the identification of oxy 
linkages in organic compounds. Hydri- 
odic acid and the ether interact to form 
ethyl iodide and ethyl alcohol. The re- 
action readily occurs even at room tem- 
peratures. Ether combines with bromine 
at low temperatures to form an addition 
product, (CjHs)jO*Brj, whfcli is a solid 
melting at — 24®C, Wlien warmed, this 
compound decomposes into its original 
products. Bromine and other halogens at 
room temperature substitute for the hy- 
drogen on the ethyl groups to form halo 
ethers. Tlie hydrogen nearest the oxygen 
reacts first: 


which oxygen is believed to have a va- 
lence of 4. This comes about through the 
action of two unshared electrons in the 
ojq'gen atom of the ether. These sub- 
stances, called o.xonium compounds, are 
unstable. Tliose formed by hydrogen 
chloride are represented by this struc- 
ture: 


Ri— 0— R -f IICl -* 0 


Ether is not oxidized by either acid or 
neutral solutions of potassium perman- 
ganate. 

Stadility and Puiuty 
The purity of ether is of utmost con- 
cern to the anestliesiologist. Impurities 
in anesthetic ether may originate from 
three sources: contamination during 
manufacture, deterioration during stor- 
age, or decomposition or contamination 
during clinical use. Contaminants of 
manufacture, such as thioacids, sulphur 
o.xides, thioethers, sulphates, ethylene, 
aldehydes, and organic acids occur in- 


H H 

+ 2Gl,— H.C— i— fL-J-—. 






The others are substituted in turn until all 
the hydrogen atoms are replaced. Chlo- 
rine forms such a compound, perchloro- 
ether, (CzCh)!©, which is a solid with 
a camphor-like odor. Ethyl ether does 
not react with acetyl chloride, organic 
acids, or the trihalide of phosphorous, 
pels. The pentahalide, PCls, reacts with 
ether to form a variety of halogenated 
compounds, depending upon the tem- 
perature of tlie reacting mixture. Tlie 
hydrogen halides form compounds in 


frequently with present day methods of 
manufacture and purification. Althougli 
methods of packing and storage have 
improved, oxygen and water vapor are 
difficult to exclude. These, together with 
tlie alcohol, which is also difficult to ex- 
clude, favor the formation of etlier per- 
oxides, acetaldehydes and other alde- 
hydes and organic acids. Ether oxidizes 
slowly in the presence of oxygen to form 
ethyl and other peroxides. The exact 
structure of these peroxides is not known 
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because the substances are unstable and 
it is difficult to isolate them in pure 
form. The peroxides are probably poly- 
mers represented by the empiric for- 
mula [(C2Hs)20s3n. Pure ethyl peroxide 
explodes when heated above 100®C. 
Sunlight and ultra-violet light favor the 
oxidation of ether and the formation of 
peroxides. Peroxides form slowly in ether 
packed in ordinary tin containers with- 
out precautions to inhibit oxidation. 
Their formation is slow, particularly if 
the containers are sealed and light-proof. 
Peroxides are probably the first impuri- 
ties to develop in ether. Generally they 
form within six months after packing and 
persist for a year or more. Old ether con- 
tains less peroxide than new. Peroxides 
favor the formation of aldehydes. Alde- 
hydes form while peroxides are disap- 
pearing, as a rule. The time of develop- 
ment of aldehydes and pero.xides varies 
with the purity of the sample, t)pe of 
container, conditions of storage, tempera- 
ture, amount of o:^gen, and moisture in- 
cluded when the container was sealed. 
Usually, aldehydes form after a period 
of six months after packing and persist 
for a year or more. Heat and light stimu- 
late their formation. Much of the alde- 
hyde present is acetaldehyde which 
forms from the o.xidalion of the alcohol 
in ether. Thus, alcohol, instead of act- 
ing as a preservative as it does when 
added to chloroform, fdvors the deterio- 
ration of ether. Storage in a dark, cool 
place retards oxidation. Contaminated 
etlier has been obserN'ed to develop per- 
oxides less readily than ether of high 
purity. 

Preseuvation' of Ether 

Numerous methods have been devised 
to prevent formation of impurities of 
ether for anesthesia during storage. Car- 
bon dioxide has been added to replace 


o^gen but has not proved satisfactory. 
Certain metals, particularly iron, mer- 
cury, and copper, prevent the oxidation 
of ether since they are oxidized prefer- 
entially and consume all the available 
oxygen which is sealed with ether. Tin 
apparently does not prevent the forma- 
tion of aldehydes and ketones because 
it resists oxidation. Copper-plated metal 
containers are commercially feasible. 
Copper inhibits oxidation even if ether 
is e.xposed to temperatures over its boil- 
ing point in the presence of oxygen. 
Ether exposed to heat and pressure may 
develop appreciable quantities of per- 
oxides within an hour. Only a very thin 
layer or plating of copper is required to 
retard oxidation. Iron wire placed in con- 
tainers has been used to inhibit oxida- 
tion. However, the rust which forms dis- 
colors the ether and is, therefore, objec- 
tionable from the sake of appearance 
even though it does not detract from its 
value. Once peroxides, aldehydes, or 
other impurities have formed, the sub- 
sequent addition of copper or any in- 
hibiting agent lias no effect upon 
them. 

Impurities which form after the ether 
container has been opened vary in com- 
position. Ether is usually vaporized by 
passing oxygen or air through the pure 
Uquid. Small amounts of peroxides and 
aldehydes may form in this process. Heat 
is often used to assist in the vaporiza- 
tion. This greatly increases the rate of 
oxidation. Ether vaporizers are usually 
equipped with clear glass jars. The ac- 
celerating effect of light upon oxidation 
has been repeatedly demonstrated. Con- 
tamination by impurities from use of 
unclean equipment may also assist in 
the formation of additional undesirable 
products. 

The length of lime ether may be kept 
and used from an opened container de- 
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pends upon the type of container. Hie 
ether remains stable for days if the con- 
tainer is plated with copper or some 
alloy containing copper. Hediger and 
Gold showed that ether from large con- 
tainers is satisfactory even though ex- 
posed to air for as long as sixty-eight 
days. Ether ordinarily is packed in 
various sized containers, quarter-pound, 
lialf-pound, one pound and five pounds. 
Some anesthetists have, for reasons of 
economy, turned to the use of ether 
packed in bu\k (27 and SS pound drums). 
Even though the stability of this ether 
may be assured, the fire hazard from 
this practice must be considered. The 
National Fire Underwriters advise stor- 
age in a special, well ventilated room 
equipped with e.xhaust fans and spark 
proof electrical equipment and exercis- 
ing of precautions to prevent discharges 
of static electricity. Perhaps the saving 
effected by this practice is offset by the 
inconvenience encountered. 

IIazauds of iMPimiriES 
Some doubt e.xists as to whether or 
not the impurities in ether are detri- 
mental to man. Bourne found that con- 
centrations of aldehydes up to 0.5% pro- 
duced no significant effects in experi- 
mental animals. Mercaptans, up to 1%, 
peroxides up to 0.5%, and eth)’l sulphide 
may cause gastric irritation but appar- 
ently no other particular deleterious ef- 
fects. Various ketones— diethyl and 
methyl— cause no noticeable effect in 
concentrations up to 0.5%. Mendenhall 
and Connolly found ether containing 
aldehydes and peroxides more to.xic to 
cilia of the respiratory tract than pure 
ether. Knoefel found impure ether pro- 
duced anestliesia in mice more slowly 
than pure ether. Many other workers 


have made similar observations. Regard- 
less of whether or not impurities are safe 
or unsafe, one cannot be too cautious in 
the clinical administration of anesthetic 
drugs. All possible precautions should be 
observed to insure the safety of tlie pa- 
tient. 

DCTECnON OF Impuhities 

The noxious agents just mentioned 
may be easily delected by a number of 
simple tests with which every clinician 
who frequently employs the drug should 
be familiar. Ether should be neutral in 
reaction. If several ml. of ether are 
shaken with an equal portion of distilled 
water both layers should be neutral to 
litmus or other indicators. A number of 
tests for aldehydes have been devised. 
One simple test easily executed by the 
clinician is based upon the ability of 
aldehydes to reduce tlie mercuric com- 
plex in Nessler’s solution: 20 ml. of ether 
are shaken with 3 ml. of tliis reagent and 
the two layers are allowed to form. A 
yellow color develops immediately in the 
aqueous layer. Large amounts of alde- 
hydes produce a yellow precipitate. 
Upon standing, a precipitate or discol- 
oration appears regardless of the alde- 
hyde content. The alcohol in ether slow- 
ly oxidizes and reduces the mercuric 
sails. The presence of 0.0001% or more 
aldehyde is detected by this test. Per- 
axtdes may be detected qualitatively by 
shaking 10 ml. of ether with 1 ml. of 10% 
neutral potassium iodide and allowing 
llie mixture to remain in a corked con- 
tainer in the dark for thirty minutes. A 
yellow color forms in the ether layer 
whicli indicates that elemental iodine has 
been liberated from the iodide by the 
peroxides, The addition of an aqueous 
solution of starch and the subsequent 
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formation of a blue color is confirma- 
tory. As low a concentration as 0.0005% 
peroxide is detected by this test. The 
test may be read within five minutes, 
although it is recommended that an in- 
terval of thirty minutes be allowed to 
elapse before a final negative judgment 
is given. 

Quantitative Estimation 
A number of tests have been devised 
for the quantitative estimation of ether. 
Ether may be determined in blood, body 
fluids and tissue, or gas ether vapor 
samples by means of the iodine pentox- 
ide train (Chap. 7). The ether is oxidized 
by iodine pentoxide to carbon dioxide 
and water. The vapor is extracted by dis- 
tillation from the fluid or tissue and 
drawn through the oxidizing tube by 
means of a current of air. The oxidation 
is accompanied by a corresponding re- 
duction of the iodine pentoxide to free 
iodine. The latter is collected in aqueous 
potassium iodide solution and titrated 
using standard sodium thiosulphate solu- 
tion. The reaction is quantitative and the 
amount of ether is calculated from the 
iodine liberated. 

Nicloux, Ronzoni, Price and others 
have used the sulphuric acid-potassium 
dichromate method for the quantitative 
determination of ether. Ethyl alcohol 
forms first. Under carefully controlled 
conditions of concentration of acid chro- 
mate and temperature the alcohol is 
oxidized to aldehydes. The chromic acid 
is simultaneously reduced in proportion 
to the amount of ether oxidized. Larger 
samples are required for this type of 
determination than w’ith the iodine pent- 
oxide train. The alcohol is oxidized to 
acetaldehj’de. However, the reaction 
may not stop at this point unless tem- 


peratures and concentrations are care- 
fully controlled and the aldehyde may 
be oxidized to acids. This would, of 
course, introduce an error in the deter- 
mination. Ketones, alcohol, and other 
ethers may interfere with the test since 
they, too, are simultaneously oxidized. 
A known quantity of chromic acid is 
used in excess of that necessary to oxi- 
dize the ether. The chromic acid changes 
from yellow to green as it is reduced. 
The unchanged acid may be determined 
colorimetrically or by iodimetric titra- 
tion. 

Ether interferes with the determina- 
tion of blood gases on the manometric 
apparatus of Van Slyke and Neill. Blood 
gases cannot be accurately determined 
in blood drawn from patients anesthe- 
tized with ether. The ether possesses a 
high vapor pressure at room temperature 
which interferes with the manometric 
readings. Besides, there is a difference in 
solubility of the extracted ether in each 
of the various reagents used for the ab- 
sorption of gases which further adds to 
the inconsistent results. Shaw and co- 
workers dexTsed a modification of the 
method whereby the ether is removed 
with glycerine in a Hempel pipette be- 
fore the gas pressures are measured and 
absorption is attempted. Ether is also 
measured by the use of physical meth- 
ods. Tarrow and his associates have em- 
ployed the infra-red technique. The 
ether is first sailed out of the blood with 
sodium hydrosulphate. Ether vapor be- 
haves like a heleroatomic gas and ab- 
sorbs radiation in the infra-red frequency 
range of the infra-red electromagnetic 
spectrum. Hie gas chromatograph 
(Ciiap. 7) also may be used to quantitate 
ether vapor in a mixture of several gases 
or vapors. 
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Elimination 

Ether is exhaled through the lungs en- 
tirely unchanged. Tliere is no evidence 
that ether is chemically altered within 
the body. Upwards of 90S is eliminated 
by exlialation. The concentration in 
urine parallels the plasma concentra- 
tion. The amount eliminated by the kid- 
ney, and through the skin and gastro- 
intestinal tract is low, however. Ether 
possesses an air/blood distribution ratio 
of 1:15. Partly on this account, induc- 
tion with the agent is slow. Desaturation 
is likewise slow, since with each circuit 
of venous blood from the tissues to the 
lungs, the partition between blood and 
alveolar air is only one part for alveolar 
air to the fifteen which remain in the 
blood. Ether conforms to the Overton- 
Meyer rule. At 37.5” C. the oil/water 
ratio is 3.2 and the oil/blood ratio is 3.3. 
Although ether has a great affinity for 
lipoids, the water organs (such as muscle, 
liver, and spleen) absorb considerable 
amounts also. Tliis abo accounts to a 
certain extent for the long induction and 
the long period of desaturation. Tlie 
longer the administration of the anes- 
thetic continues, the greater the amount 
absorbed and the longer will be the 
time interval for complete elimination 
(Chap. 4). 

Blood Levels 

There is no agreement in the values 
for the concentration of ether in the in- 
spired air and blood required for surgi- 
cal anesthesia. This is due to variations 
in responses between different subjects, 
variations in signs used to judge depth 
of anesthesia by individual workers and 
to differences in techniques of analysis. 
The usual figures for man range from 50 
mgm. to 130 mgm. per 100 ml. of blood 
for second plane anesthesia. The in- 


spired concentration for surgical anes- 
thesia varies from 3.5!? to 4.5!5 by volume. 
The lethal concentration in dogs is 6.72 
to 82. The lethal concentration in man is 
not knowm. The relatively low concen- 
tration required for anestliesia permits 
the use of air as the source of oxygen 
in inhaled mixtures since its presence 
only slightly reduces normal oxygen ten- 
sion in such a mixture. 

Ether is absorbed by the colon from 
mixtures of ether and mineral and vege- 
table oils. Ether absorbed in this manner 
is eliminated through the lungs, kidney, 
and skin in the same manner as if it were 
inhaled. Ether disappears rapidly from 
an isolated lung lobule with its blood 
supply intact-usually witliin two to 
three minutes (air disappears in 16 hours 
under similar conditions). 

Flammabilitv 

The range of flammability of ether is 
from 1.83? to 48.02 when mixed with 
air, and 2.102 to 82.52 with oxygen at 
25”C. and atmospheric pressure. The 
anesthetic range (42), therefore, lies 
within the flammable range. Nitrous 
oxide supports combustion of ether-air 
or ether-oxygen mixtures. A mixture of 
pure nitrous oxide and ether has a range 
of flammability ranging from 1.52 to 
24.22. The minimum ignition tempera- 
ture of ether in air is 304'’C.; in oxygen 
359®C. The difference between oxj'gen 
and air is noteworthy. The inhaled con- 
centration required for anestliesia is near 
the lower limit of flammability so that 
dilution may occur quickly to below the 
flammable range should the mixture 
leak or escape. The presence of perox- 
ides in ether reduces tlie flash point of 
the ether since these are less stable. The 
ignition temperature may be less than 
KW’C., depending upon the type and 
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concentration. The flash point of pure 
ether is — 45°C. (-49°F.). 

METHYL FBOPYL ETHER 
(METOPRYL) 

Methyl propyl ether is an isomer of 
ethyl ether. It was first studied by J. C. 
Krantz in 1946. It was used clinically 
under the name of Metopryl. The ether 
resembles ethyl ether in odor and gen- 
eral characteristics. The boiling point is 
38.8'’C. The specific gravity is 0,726 at 
16°C. The oil/water ratio at 20°C, is 10. 
It is somewhat more potent than ethyl 
ether. It is chemically stable in the body. 
The general in vitro reactions are similar 
to ethyl ether. The ranges of flammability 
are close to those of ethyl ether. The drug 
was received unenthusiastically by clin- 
icians because it had little to offer over 
ethyl ether. It is seldom used. 

ISOPROPYL METHYL ETHER 
Isopropyl methyl ether is an aliphatic 
ether which, like Metopryl, is an isomer 
of ethyl ether. It was also studied by 
J. C. I^anlz, It is approximately 25% less 
potent than ethyl ether. Induction and 
recovery are more rapid than witJi ethyl 
ether. The oil/water ratio is 2 at 37'’C. 
Tlie compound had little to offer over 
ethyl ether, 

ETHYL n-PROPYL ETHER 
Ethyl n-propyl ether {C*Hj — O— C jHt) 
is the ne.xt higher homologue ether m the 
series of homologous saturated aliphatic 
ethers. It is an unsymmetrical elljer. 
In 1940 Bro^vn introduced the ether as 
an anesthetic. The ether is prepared by 
the Williamson synthesis by refluxing 
sodium propylale with ethyl iodide: 

Cjlia + C,HX>— Na-^ 

Ethyl n-propyl ether is a colorless, 
mobile linuid boilinc at 63.6°C. The 


odor is somewhat similar to that of ethyl 
ether. Its specific gravity is 0.750 at 
25°C. Copper is used as a stabilizer as 
with ethyl ether. The potency is one and 
one-half to two times as great as that of 
ethyl ether. A concentration of 2.5% to 
3% produces surgical anesthesia; 4% to 5%, 
respiratory failure. The ether is some- 
what more potent than ethyl ether. The 
pharmacological properties differ little 
from those of ethyl ether. The ether is 
more difficult to volatilize than ethyl 
ether. 

VINYL ETHER 

History 

Vinyl ether, or divinyl oxide, is a sym- 
metrically unsaturated aliphatic ether 
derived from vin}’I alcohol. Both vinyl 
alcohol and vinyl ether are related to 
the unsalurated hydrocarbon, ethylene. 
Vinyl alcohol (CH}=CHOH) is the 
simplest member of the series of unsatu- 
rated straight-chain alcohols. The alco- 
hol has never been prepared since mo- 
lecular rearrangement occurs and the 
isomer, acetaldehyde, is formed when 
its synthesis is attempted. Vinyl halides 
are stable, however. The anesthetic 
properties of divinyl ether were first re- 
corded by Leake and Chen in 1930. 
These workers examined a series of un- 
salurated ethers, among which were 
vinyl ethyl ether and allyl ethyl ether, 
Tiiey were prompted in tiieir search by 
the success and use of ethylene as an 
anesthetic. Divinyl ether, the lowest 
member of the unsaturaled Jjomologous 
series of ethers, was found to be the most 
potent and the least toxic of the group, 
Semmler first described a substance 

C,Ur-0-C,n, + Nal. 

wliich he believed to be divinyl ctlier in 
1887 and which he nrenared from vinvl 
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sulphide and silver oxide. Ruigli and 
Major, in 1931, were unable to obtain 
divinyl oxide from divinyl sulphide and 
silver oxide. Semmler’s product boiled 
at 39°C. Sjnthetic vinyl ether, prepared 
by Ruigh and Major, boils at 28.3®C. 
Ether is sometimes referred to as a 
hybrid of ethylene and diethyl ether. 

pREPAnATION 

Divinyl ether cannot be prepared from 
its parent alcohol, as can ethyl ether. The 
usual synthesis is to first chlorinate di- 
ethyl ether to prepare P P* dichlorethyl 
ether. The halo etlier, is then fused with 
molten potassium hydroxide to which 
ammonia is added as a catalyst. A hy- 
drogen atom and a chlorine atom are re- 
moved from each ethyl radical forming 
the unsaturated linkages: 


parts dissolve in 100 parts of water; at 
37®C., 5.25 parts dissolve. Ethyl ether is 
more soluble in water than vinyl ether. 
At 37®C. the oil/vvater distribution co- 
efficient is 41,3. This value is much 
higher than that of ethyl ether. Vinyl 
ether is a lipophilic anesthetic and re- 
sembles the hydrocarbon gases in its 
pharmacologic properties. 

Stadhity 

Vinyl ether is not as stable as diethyl 
ether due to the presence of unsaturaled 
linkages. In the presence of air or oxygen 
formaldehyde, formic and acetic acids, 
and complex peroxides form. Acids, even 
In minute traces, hasten its deterioration, 
Alkalies tend to stabilize it. Vinyl ether, 
as is the case with other vinyl com- 
pounds, polymerizes to form polyvinyl 


Cl H H Cl 

II ii A 


H + 


2KOH 

►II— C=K>-0-C=C— H -I- 2KC1 -t-2 K,0. 

Alt Alt 


Various side reactions reduce the yield 
and favor the production of impurities. 
The contaminants of manufacture in- 
clude hydrogen, acetylene, ethylene, 
chloro-elhyl-vinyl ethers, aldehydes and 
dioxane. Some acetic aldehyde forms as 
a side reaction. 

Properties 

Divinyl oxide is a colorless, mobile 
liquid which boils at 28.3®C. The drug 
possesses an ethereal sweet odor. The 
vapor is not irritating. The molecular 
weight is 70. The specific gravity of the 
liquid is 0.77 at 20'’C., that of the vapor 
is 2.2 (air = l). The presence of the 
double bonds causes the compound to 
have greater volatility than its saturated 
counterpart, ethyl ether. At 20“C., 4 


resins. The resins often harden to glass- 
like masses. A nonvolatile organic base, 
phenyl-alpha-naphtliylamine (0.01^), is 
added as an alkalizer and stabilizer. Ab- 
solute alcohol (3.5%) is added to decrease 
the volatility and inhibit freezing of the 
water vapor in the exhaled air on the 
mask. Temperatures below 0°C. develop. 
The latent heat of vaporization is 89 
calories per gram at its boiling point. 
The vapor pressure at 20° C. is 550 mm. 
Hg. This mixture is known by the pro- 
prietary name of “Vinethene” (Merck). 
It is packed in amber-colored bottles 
equipped with a special dropper for ad- 
ministration by open techniques. Tlie 
addition of the stabilizer confers a pur- 
plish fluorescence to the liquid which is 
not seen with the pure oxide originally. 
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The manufacturers did not recommend 
the use of the drug after one year from 
the date of preparation. This time in- 
terval has recently been extended to two 
years. Likewise, they recommended dis- 
carding the drug twenty-four hours after 
opening the container. Adrian! has 
shown that specimens are free from 
peroxides, aldehydes, acetylides, and 
resins for at least ten days after opening 
the container and using a portion of it if 
the remainder is well-stoppered and 
stored in a cool place. 

“Vinethene” is stable in the presence 
of soda lime in carbon dioxide fillers 
even though the mass is heated to as 
high as 70®C. from the reaction of ab- 
sorption, Passing a stream of oxygen, air, 
or nitrous oxide through the agent to 
aid in vaporization causes no appreciable 
quantities of peroxide or aldehyde to 
form. 

Vinyl ether containing aldehydes and 
peroxides is no more toxic than pure 
specimens in experimental animals. In- 
duction time is considerably prolonged, 
however. 

DiSTIUBUnON ANT> StAWLITY IN TISSUES 

Divinyl ether is more potent than 
ethyl ether in regards to ability to cause 
unconsciousness. The inspired concen- 
tration averages A%. The blood concen- 
tration required to maintain surgical an- 
esthesia is less than that of ethyl ether, 
30 mgm. to 40 mgm. per 100 ml. As far 
as it is known, vinyl ether is eliminated 
unchanged by the lungs. No evidence 
exists that it is polymerized in the body 
or altered chemically by tissues. Tlie 
elimination is rapid. Rapid elimination fe 
favored by its low blood solubility. Elim- 
ination is similar to that of cyclopropane. 
Recover)’ occurs in several minutes, but 
complete body desaluration is extremely 


sloiv and several hours may elapse be- 
fore the lipoid tissues are totally free of 
the drug. 

Reactivity 

Vinyl ether undergoes certain chemi- 
cal reactions which are due largely to 
the presence of the double bond. The 
ether is converted to ethyl ether by hy- 
drogenation in the presence of platinum 
black which acts as a catalyst. The yield 
is less than 15%. Halogens, such as bro- 
mine and chlorine, readily add to the 
double bonds to form saturated halo- 
genaled ethers. Permanganate solutions 
are quickly discolored by the ether since 
the ether is oxidized to various alde- 
hydes, ketones, and acids depending 
upon the temperature. 

DETEcnoN OF Impurities 

Impurities may readily be detected by 
certain tests. Pure divinyl oxide shaken 
with water should be neutral. An aque- 
ous solution of Vinethene is alkaline in 
reaction since the stabilizer is an alkaline 
substance, 

A slight residue remains when a por- 
tion of Vinethene is evaporated to dry- 
ness since the stabilizer is nonvolatile. 
Aldehydes may be detected by using 
ammonium silver nitrate solutions, as 
described (see aldehydes). Acetylenes 
form precipitates (acetylides) with a re- 
agent composed of ferric chloride, co- 
baltic chloride, and copper sulphate 
added to an aqueous solution of the 
ether. 

QuANnTATnT: DETEH-MISAnON 

Vinyl ether may be determined quan- 
titatively with the iodine pentoxide 
train. The vinyl ether is distilled from 
the tissues and dra\\’n through the 
heated iodine pentoxide in the same 
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manner as with other ethers and alco- 
hols. Carbon dioxide, free iodine, and 
water form. The titration and computa- 
tions are similar to those for ethyl ether. 

Flammability 

Vinyl ether is flammable. Mixtures of 
the vapor and air explode in concentra- 
tions ranging from l.STJJ to 27.0^ in aii^ 
1.855S to 85.5S in oxygen and 1.4? to 24.8? 
in nitrous oxide at 25®C. and atmospheric 
pressure. The ignition temperature of 
vinyl ether is 353” C. in air and 313“C. 
in oxygen. The flash point is below 0®C. 

ETHYL VimX ETHEn 

History 

The anesthetic properties of etliyl 
vinyl ether were first noted in mice by 
Leake and Chen in their study of vinyl 
and related unsaturated ethers in 1930. 
They, however, did not find the drug to 
be as effective as diviny] ether. Krantz 
and his co-workers felt that the com- 
pound warranted further study, and in 
1942, undertook such studies in dogs and 
monkeys. They were impressed by the 
anesthetic potency and the wide thera- 
peutic index of the drug. In 1951 sev- 
eral investigators initiated studies in 
man. 

Preparation 

Ethyl vinyl ether is a clear, colorless, 
s'olatile liquid. It is prepared by react- 
ing acetylene with ethyl alcohol under 
pressure in the presence of potassium 
ethylate as a catalyst: 


haled moisture on the mask in open 
techniques. Phenyl alpha naphthyla- 
mine (0.01?) is added to prevent oxida- 
tion and polymerization. Aldehydes, vari- 
ous oxides and resins form in the presence 
of acids or absence of stabiUzers. Likely 
impurities are formaldehyde, formic acid, 
acetaldehyde and dioxane. It may be 
stored for periods of a year in dark con- 
tainers unopened with the stabilizer. 

Properties 

The ether is a clear, colorless liquid 
which possesses a faint purple fluores- 
cence when viewed through transmitted 
light due to the presence of the stabiliz- 
ing agent. The drug is available under 
the proprietary name of Vinamar. The 
drug possesses a pungent odor somewhat 
similar to clivinyl etlier with a suggestion 
of tlie odor of ethyl ether. Indeed, it may 
be likened to a Iiybrid of ethyl ether and 
vinyl ether. The molecular weight is 
72.10. The vapor is heavier than air 
(density 2.49 air == 1). The boiling point 
is close to tliat of ethyl ether, 35.8*C. The 
fact tliat it is less volatile than vinyl 
ether is said to be an advantage because 
it is easier to maintam anesthesia at a 
desired level. Its vapor pressure at 22°C. 
measured in a nitrometer is 485 mm. Hg. 
That of eth}'l ether under the same cir- 
cumstances was 471 mm. Hg. 

Its solubility in water is 0.8 ml. per 
lOO ml, of water at 23''C. Tlie oil/vvater 
coefficient calculated on the basis of 
water and oil solubility is 45 5. 


CjHjOn HfeCH -» C,Hs— 0— CH=CHj. 


As is the case with divinyl ether, ethyl Flammability 
vinyl ether is unstable in the presence of As is the case with all low boiling ali- 
acids, heat and light. It may hydrolyze phatic ethers, vinyl eth)'l etlier is fiam- 
to alcohol and acetylene. Ethyl alcohol mable and precautions should be taken 
(3%) is added to prevent freezing of ex- to prevent its ignition. Vinyl ethyl ether 
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has the same range of flammability as 
vinyl ether. 

Stability 

The ether is stable in the body, as far 
as is Xnoivn, and is eliminated un- 
changed. It is stable in the presence of 
soda lime. 

CYCLO ALIPHATIC ETHERS 
The successful use of ethylene and 
cyclopropane as anesthetics prompted 
the investigation of the ether related to 
these oxides. Krantz (1940) and his co- 
workers investigated a series of ethers re- 
lated to the aliphatic and alicyclic hy- 
drocarbons. Four ethers, cyclopropyl 
methyl, cyclopropyl ethyl, cyclopropyl 
propyl, and cyclopropyl butyl, have been 
prepared. These comprise an homologous 
series. The first tw'O of three have been 
investigated pharmacologically and tried 
on man. As with other ethers, the po- 
tency increases with increase in molecu- 
lar weight. The volatility and flammabil- 
ity decrease as the molecular weight in- 
creases. Each member of the series is 
prepared by interacting 1, 3, brom-2 
hydroxy propane with the appropriate 
aliphatic ester and treating the resulting 
compound with zinc. 

CYCLOPROPYL METHYL ETHER 
Cyclopropyl methyl ether, known as 
cyprome 

CH, 

„ ^ 


H 

has been investigated. The ether is a 
colorless mobile liquid with an odor sim- 
ilar to cyclopropane. The specific grav- 
ity’ is 0.786 at 23°C. and the boiling point 
is 43.5'’ to 44°C. Tlie \’apor pressure at 
26''C. is 414 mgm, Ilg. The anesthetic 
index is 2.3. Compared with diethyl ether 


it is more potent since the anesthetic 
index of the latter is 1.76, determined 
under similar circumstances in dogs. 
Seven ml., or 5,5 gms., are soluble in 
100 ml. of water. The olive oil coefficient 
at 25'’C, is 6,7 (ether 4.5). The concen- 
tration in blood is 100 mgm. per 100 ml. 
No evidence of oxidation in tlie body has 
been reported. Krantz believes formic 
acid should form in the event of oxida- 
tion in vivo, but he was unable to de- 
tect the substance in urine of animals 
anesthetized with the drug. Cyprome is 
flammable. Intimate mixtures with oxy’- 
gen or air explode in as low a concentra- 
tion as 2% by volume. Quantitative de- 
terminations may be conducted with the 
iodine pentoxide train as for other ethers. 

CYCLOPROPYL ETHYL ETHER 
Cyclopropyl ethyl ether, 

CHi 

the next higher Jiomobgue to cyprome 
has been studied on animals and has 
been used in man to a limited extent. 
The anesthetic and chemical properties 
are similar in many ways to cyprome. 
This ether has been named cypreth. The 
boiling point, as one would expect from 
the increase in molecular weight, is 
higher than that of cyprome— BS^C. Tiie 
specific gravity is likewise greater 
— 0.780 at 25'’C. The anesthetic index 
is twice that of ethyl ether. The solubil- 
ity in water is less than that of cyprome, 
2.8 ml. per 100 ml., which is what one 
expects due to the increased molecular 
weight. The oil/waler coefficient is 
higher (15.7), which is higher than 
diethyl ether or cyprome. 

MISCELLANEOUS ETHERS 
Allyl methyd ctlier and isopropenyl 
methyl ether, isomers of cyclopropyl 
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methyl ether, likewise liave been pro* 
pared and examined for anesthetic po- 
tency by Krantz and his associates. Al- 
though both compounds exliibit narcotic 
potency, the former is hepatoxic, while 
the latter is unstable in the body and 
decomposes into various compounds 
among wliich is methyl alcohol. Cy- 
prethylene ether and cypropylene ether 
have been prepared and are under in- 
vestigation also. 

ALKENE OXIDES 

A group of organic oxides, referred to 
as alkcne oxides, contain a cyclic struc- 
ture in which an o.xygen atom bridges 
two carbon atoms. This arrangement, 



is also known as an epoxy bridge. The 
simplest alkene oxide is epoxyethane, or 
ethylene oxide. Tlieoretically, this com- 
pound may be considered as ethylene 
whicli has had Its double bond satisfied 
by the two valencies of oxygen*. 


HiC CH». 

V 

Tlie next in the homologous series is 
propylene oxide, 

0 

Butylene oxide follows, and so on up tlie 
series. 

Ethylene oxide is a low-boiling liquid 
(B.P. 13°C,). Tlie vapors are irritating 
when inhaled. Severe pathological 
changes in the lungs may result. Since 
the oxides have three atoms arranged 
in a ring, they are quite reactive. They 
have boiling points intermediate be- 
tween the hydrocarbon and the corre- 
sponding monohydroty alcohols of the 
same carbon content. Volatility decreases 
with increase in molecular weight. 
Propylene oxide boils at 35®C. None of 
the alkene oxides is satisfactory for anes- 
thesia. 


ACETALS 


FORMATION AND STRUCTURE 
Another type of organic oxide resem- 
bling ethers in structure, is a group of 
aliphatic compounds known as acelals. 
These are sometimes referred to as 
“double ethers.” Some show hypnotic 
and anesthetic activity. Acetals are pre- 
pared by causing aldehydes to interact 
with alcohols. Acetaldehyde with a trace 
of hydrochloric or other mineral acid, and 
a dehydrating agent sucli as calcium 


chloride interacts wlh ethyl alcohol to 
yield diethyl acetal or acetal proper. (See 
formula below.) This substance is the 
simplest member of the series of acetals. 
Otliers of higher molecular weight may 
be prepared whose structures vary \vith 
the alcohols and aldehydes used. Tlie 
general reaction for their formation is 
typified by the equation below. The re- 
action may occur in steps. One molecule 
of alcohol interacts to form a monoliy- 


CIIj— C 

I 

H 


Caa, 

-(-2C3lI»OH »CH, 

H+ 


o— cdis 
/ 

-c 

o— C jHs 
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droxylated ether (CH^-CHOH-OaHs) 
kno>vn as hemiacetal. The volatility, un- 
like the ethers, is less than that of alco- 
hols from which the substance is derived. 
Acetaldehyde boils at 21°C. and ethyl 
alcohol at 78°C., but the resulting acetal 
boils at 104°C. 


ACETAL 

Diethyl acetal is a colorless volatile 
liquid (S.G., 0.846 at 20°C.), soluble in 
1 part in 18 parts of water at 20°C. The 
drug is very soluble in alcohol, ether, and 
other organic solvents. The index of re- 
fraction is 1.3819 at 20°C. Acetal is 
stable in the presence of alkalies. Boiling 
\vith acids converts it to the aldehyde 
and the alcohol. Acetals are more gen- 
erally reactive than ethers. Acetal pos- 
sesses hypnotic properties but is little 
used except as a sedative in veterinary 
medicine. The drug may be administered 
rectally, orally, or intravenously. Acetal 
may also be called ethylidene diethyl 
ether. 


HALOGENATED ACETALS 
Halogenated aldehydes, for example 
chloral, interact with alcohols to form 


halogenated acetals. Among these are 
chloralose, chloral alcoholate and so on. 
These are described under Halogenated 
Compounds (Chap. 15). 

Heterocyclic Oxy-compounds 
Heterocyclic compounds in which one 
or more oxygen atom forms a ring struc- 
ture with carbon are kno^vn. The hetero- 
cyclic structure with four carbon atoms 
and one oxj’gen atom is kmoum as furan 
and is represented as follows: 



The hydrogen atoms may be substituted 
by various radicals, such as aldehyde, hy- 
droxyl, and carboxyl. Furan derivatives 
are not satisfactory for general anes- 
thesia. The ring structure appears in 
some compounds which have local anes- 
thetic activity, however. 

Paraldehydes are heterocyclic com- 
pounds or polyethers, composed of three 
o.’qrgen atoms alternating wth three car- 
bon atoms. These are described under 
aldehydes (Chap. 12). 



CHAPTER 15 


Halogenated Compounds 


GENERAL CONSIDERATIONS 

H alocenation of certain organic 
compounds, particularly those of 
the aliphatic series, increases the num- 
ber of available substances which de- 
press the central nervous system many- 
fold. There are four halogens— fluorine, 
chlorine, bromine, and iodine. These are 
listed in the order of their chemical ac- 
tivity. Their molecules under ordinary 
circumstances are diatomic. Fluorine is 
the most active of the four. Iodine is 
the least useful of the four halogens as 
far as narcosis is concerned, since it 
yields compounds whicli are either toxic 
or nonanesthetic. Chlorine and bromine 
convert many aliphatic compounds of 
low narcotic potency to more potent 
drugs. Fluorine confers little or no nar- 
cotic effects. Indeed, in many cases fluor- 
inatiou decreases narcotic potency. Flu- 
orinaled compounds have not been 
studied in detail until recently because 
of difficulties in synthesis. There is at the 
present time considerable interest in 
these compounds because of availability 
due to improvements in methods of syn- 
thesis. Fluorinated compounds are quite 
different from brominated and halogen- 
ated derivatives. More will be said of 
them later. 

Many classes of organic compounds 
may be halogenated. Hydrocarbons, al- 
cohob, aldehydes, ketones, acids, esters, 
and ethers may all bear one or more 


halogen atoms on the molecule. It is 
customary to designate the halogen 
atoms in an organic compound by use of 
the letter “X /’ An aliphatic halogenated 
hydrocarbon would be represented by 
the formula RX or CaHtnX. Afonosubsti- 
luted aliphatic hydrocarbons are termed 
monohohdkanes, or alkyl halides. Tliose 
Avith more than one halogen are called 
pohjhaloalkanes. 

METHODS OF HALOGENATION 

Halogenation of hydrocarbons and 
certain other carbon compounds is ac- 
complished in one of two ways: (1) the 
halogen atom may replace a hydrogen 
or other atom of an aliphatic, aromatic, 
or cyclic compound by a reaction known 
as substitution; (2) the halogen may add 
directly to an unsaturated compound 
without displacement of any other atom. 
Wien chlorine and methane are mixed 
together, a molecule of chlorine reacts 
with a molecule of methane to form 
methyl chloride, or vwnochlormethane, 
and hydrogen diloride. The halogen re- 
places the hydrogen by the reaction of 
substitution: 

CH« -i- Cl, -» CH,Cl + HCl t 

The reaction is not easily controlled 
and, in time, if an excess of the halogen 
is present, a second hydrogen atom is re- 
placed to form dichlormelhane, or meth- 
ylene chloride, and another molecule of 
hydrogen chloride. A third hydrogen 
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atom substitutes to form trichlormeth- 
ane, or chloroform. Ultimately, all the 
hydrogen atoms are substituted if an 
excess of chlorine is present. The reac- 
tion for the formation of tetraclilormeth- 
ane, or carbon tetrachloride, is as fol- 
lows: 

CH 4 4- 4CU CCI 4 + 4HC1 T 

Ethane reacts in a simihr maiiner. 
Ultimately, substitution of all six hydro- 
gen atoms occurs and yields hexachlor- 
ethane. Saturated hydrocarbons form 
substitution products toith halogens. 

The reaction is different, on the other 
hand, when an unsalurated hydrocar- 
bon, such as ethylene, reacts with chlo- 
rine. Two atoms of chlorine add directly 
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Hydrogen chloride does not form in 
this reaction because chlorine is added 
directly. TTie reaction may, of course, 
proceed from this point to hexachlor- 
ethane by substitution. Two halogen 
molecules, or four atoms of halogen are 
required to saturate a triple bond. Ali- 
cyclic, aromatic, and certain heterocyclic 
compounds either add or substitute halo- 
geos. The type of reaction which occurs 
depends on the presence or absence of 
double bonds and the conditions of the 
experiment. Benzene, for example, has 
three double bonds and substitutes a 
bromine for a hydrogen atom at 20° C. 
in a diffuse light in the presence of iron 
as a catalyst. Monobrombenzene and hy- 
drobromic acid form: 


H— C 

ii-i 


H 

•\ 


C— H 


Fe 


H— C 




4* Brj (Diffuse light) H — C 


C— H 

JI 4 -IIBr. 
C — H 


to the double bond to form 1, 2 dichlor- 
ethane, or ethylene dichloride. 

ir,C=CH, 4- Cl* H,C— CHs 


I . 

Cl Cl 


fl 

I 

c 

/\ 

H— C C— H 


C 

1 

H 

In the presence of sunlight and in the 
absence of the catalyst an addition prod- 
uct, Jjexabromocyclohexane, forms in- 
stead. 
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Halogcnated imsatuiated aliphatic hy- 
drocarbons arc also known. Vinyl chlo- 
ride, dichlorethylcne and trichlorelhyl- 
ene are important examples of these. All 
manifest narcotic potency. 

The presence of hydroxy], carboxyl, 
aldehyde, ketone, and other groups on a 
molecule does not prevent halogcnntion 
but does influence the position that halo- 
gen atoms assume in the molecule. Halo- 
gens may cause oxidation of certain 
compounds. Alcohols may be oxidized to 
aldehydes in the presence of a halogen. 
The halogens then substitute on the car- 
bon adjacent to the aldehyde group. 
Ethyl alcohol is oxidized by gaseous 
clilorine to acetaldehyde which is then 
converted by substitution to trichlorace- 
taldehyde and hydrochloric acid. (See 
chloral.) The halogcnated aldehyde may 
be reduced by hydrogen aided by cat- 
alysts to trichlorethanol. A type of halo 
genated hydrocarbon containing one 
halogen and one hydroxyl group, known 
as halohtjdrins, may be prepared by add- 
ing h)'pochlorous acid (HOCl) to unsat- 
urated compounds. 

Ketones may be halogcnated. The 
halogens attach to the alpha carbon 
rather than to the oxygen-bearing car- 
bons. Tlie same applies to acids but not 
to ethers. Ethers are halogcnated on the 
carbon attached to the oxygen: 




-cULh. 




The hydroxyl, aldehyde, ketone, and car- 
boxyl groups increase water solubility 
of the resulting compound when intro- 
duced into a hydrocarbon; the halogens 
tend to decrease it. 

Although numerous completely or 
partially halogcnated compounds are 


k^o^VT\, the aliphatic hydrocarbons, alco- 
hols, and aldehydes containing chlorine 
or bromine and, to some extent fluorine, 
are the most important substances for 
anesthesia. Aromatic halogcnated com- 
pounds are of no importance in anes- 
thesia. Side chains of certain heterocyclic 
substances may contain one or more 
halogen groups, particularly if the side 
chain is an aliphatic derivative. Certain 
barbiturates are so constituted. As a rule, 
halogcnated substances used in general 
anesthesia have relatively simple molec- 
ular structures and are members of the 
aliphatic series. 

EFFECT OF HALOGENATION ON 
PHYSICAL PROPERTIES 

Halogenation changes the chemical 
and physical properties of a compound. 
Molecular weight increases, since foe 
each hydrogen atom a heavier atom is 
substituted. Tlie fact that volatility de- 
creases by halogenation is illustrated by 
the behavior of methane. Methane boils 
at — 164'’C. When converted to mono- 
cWormethane, it boils at — 24'’C.; to 
dichlormelhane, it boils at 40®C.; tri- 
chlormethane, 61®C.; and tetrachlor- 
melbane, Sl^C. Boiling points increase 
as the molecular weight increases. Flu- 
orine, the lightest and most active of the 
halogens (At. \Vt. 19) forms monofiuoro- 
methane, whose boiling point is — 78®C. 
This is less than that of monochlorme- 
thane which boils at — 24®C. (chlorine 
At. Wt. 35.46). Monobromomethane 
formed from bromine (At. Wt. 80) boils 
at 4.6®C. Metliyl iodide, or moniodo- 
methane, boils at 42.6°C. The iodine 
molecule is heaviest of the halogen 
group (At. Wt. 126). Some iodide com- 
pounds are solids. Halogenation de- 
creases the stability of a hydrocarbon 
and renders the compound susceptible to 
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such processes as hydrolysis, oxidation, 
and reduction. 

One important effect of halogenation 
from the standpoint of anesthesia is to 
decrease the flammability of organic 
compounds. Chloroform and carbon 
tetrachloride are non*flammable. Tlie 
monohalogenated and dihalogenated de- 
rivatives of methane burn. Methane, on 
the other hand, will readily explode 
under the same conditions. 

HALOGENATION AND NARCOTIC 
POTENCY 

Narcotic potency is enhanced by halo- 
genation, Methane has little or no nar- 
cotic effect, but as each hydrogen is re- 
placed by a chlorine or bromine, potency 
increases. Methyl chloride possesses a 
low degree of narcotic potency and is 
toxic. Methylene dichloride is more po- 
tent than the former, less toxic, and more 
useful. Trichlormethane is more potent 
and the most useful of the chlormeth- 
anes. Tetrachlormethane is still more po- 
tent but considerably more toxic. Brom- 
inated compounds are more potent than 
chlorinated. Richardson’s law applies to 
tlje halogenated hydrocarbons in the 
same manner as it does to the other ali- 
phatic compounds. The potency in- 
creases as the length of the carbon chain 
increases. Ethyl chloride is more effec- 
tive than methyl chloride, for example. 
The chlorethanes are less potent than 
the dichlorethanes. Dichlorethane is 
nearly as potent as chloroform. 

Halogenation of alcohols also increases 
their potency. Trichlorelhanol and 
tribromethanol are both more potent 
than ethanol. Bromination, incidentally, 
converts ethyl alcohol to a solid; chlo- 
rination to a liquid. Acetaldehyde is not 
potent and is too irritating for clinical 
use. Halogenation converts it to trichlor- 


or tribromacetaldehydes which are po- 
tent, useful compounds. Ethers halogen- 
ated with chlorine or bromine are not 
useful. Combined chlorination and fluo- 
rination has produced compounds pos- 
sessing narcotic potency. Halogenated 
aliphatic monocarboxylic acids have little 
or no narcotic action and are, as a rule, 
irritating to tissues. Trichloracetic acid, 
for example, is used to cauterize tissues. 
Abreau and others have written concern- 
ing the effect of unsaturation on mono- 
halogenated hydrocarbons, but have not 
been able to arrive at any definite con- 
clusion regarding the effects of unsatura- 
tion upon potency. Of the halogenated 
olefines only the chlorethylenes are of 
particular interest, Hepatotoxicity ap- 
pears to be less with unsaturated halo- 
genated hydrocarbons than with sat- 
urated. In the case of hydrocarbons and 
ethers (ethylene, and vinethene) there is 
an increase in potency. Vinyl chloride, 


possesses less toxicity but the same po- 
tency as ethyl chloride. Unsaturation 
decreases the volatility of the hydrocar- 
bon, Vinyl chloride boils at — 13.9°C.; 
ethyl chloride at 12.5'’C. 

Halogenated derivatives are unique in 
that the concentrations required for the 
pharmacological effects are relatively 
low. The effect of the halogen is to re- 
duce volatility. This influences the rela- 
tive partial pressure which develops 
(Chap. 27). Chloroform, for example, re- 
quires approximately 1.5% for anes- 
thesia. This is a redeeming feature be- 
cause the halogenation decreases the 
volatility considerably. As a rule, sub- 
stances which have a boih'ng point of 
60®C. or less are sufficiently volatile for 
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inhalation anesthesia. Chloroform is at 
the upper edge of this limit. 


STABILITY IN BODY 


Halogcnatecl derivatives liave been 
known to cause deleterious effects upon 
certain tissues, particularly the liver. The 
issues are somewhat controversial but 
evidence exists that some chemical 
change occurs which is responsible for 
this toxicity. A hydrolysis to hydrogen 
chloride or bromide and a hydrocarbon 
residue may be responsible for the tis- 
sue damaging properties. Although vola- 
tile halogenated hydrocarbons are ex- 
haled unchanged through the lungs, evi- 
dence in animals of “in vivo” hydrolysis 
has been obtained. Abreau detected an 
increase in inorganic bromides in the 
urine after administratiorv of bcomoform 
to rabbits. Dresser noted increased bro- 
mides in urine after ethyl bromide in- 
halation by rabbits. Henderson belie\'cs 
this decomposition of halogens to be the 
basis of chronic toxicity. Compounds of 
R» — C — X type liberate more inor- 
ganic bromides in vivo tlian 


R,c.=(!;— X 


X II 

no^i. 

1 

H 


In other words, the saturated derivatives 
are less stable in vivo than the unsal- 
urated. 

HALOGENATED HYDROCARBONS 
Hydrocarbons and ethers are the only 
volatile halogenated derivatives useful 
for inhalation anesthesia. Halogenated 
alcohols and aldehydes are not suffi- 
ciently volatile and are, therefore, ad- 
ministered by routes otlier than inhala- 
tion. Halogenated ketones are lacrimat- 
ing and therefore not suitable. Four lialo- 
genated methanes are possible. All pos- 


sess some narcotic potency, but of these 
four, chloroform possesses the greatest 
potency. Therefore, it is considered in 
detail subsequently. In the ethane 
group, the monohalogenated derivative, 
ethyl chloride, is a potent drug of suffi- 
ciently low toxicity for clinical use. The 
dichJorcthane derivative is also anesthe- 
tic but has limited use. The higher 
molecular sveight polyalkyl derivatives 
are too toxic for use. Unsaturated hydro- 
carbons also offer some possibility. Vinyl 
chloride, the lowest member of the olefin 
series which is halogenated, has a po- 
tency comparable to that of ethyl chlo- 
ride. Trichlorethylenc lias also been used 
clinically. Tetrachlorethylene possesses 
narcotic potency but is not sufficiently 
volatile for satisfactory Inhalation anes- 
thesia. In the saturated series, toxicity 
increases as tlie degree of halogenation 
increases. Chloroform, for example, is 
less to.xic than carbon tetrachloride. In 
the unsaturated series, animal experi- 
ments suggest the reverse. Trichlorethy- 
lene appears to be more toxic than letra- 
chlorethylene. Tlie hydrocarbons con- 
taining bromine are not as xvidely em- 
ployed as the chlorinated derivatii-es be- 
cause they are not sufficiently volatile 
for inhalation or they possess a narrow 
safety margin. Aromatic halogenated hy- 
drocarbon derivatives are non-volatile 
substances possessing little or no nar- 
cotic potency. A mixed halogenated 
ethane containing fluorine, bromine and 
chlorine (Halolhane) is llie most potent 
inhalational anesthetic kno\vn. 


Methyl Chloride 

Methyl chloride (monochlormethane), 


H 

H— i-ci, 

I 

II 
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may aJso be considered as the methyl 
ester of hydrochloric acid. Methyl chlo- 
ride, which is a gas, boils at — 24 °C. and 
is easily compressed to a colorless liquid. 
The compound possesses an ethereal 
odor and bums with a greenish flame. A 
hydrate forms at lo>v temperatures 
(CHjCl ■ 9H2O). A temperature ranging 
from — 23°C, to — 55°C. is obtained by 
evaporating the liquid in air. The com- 
pound possesses general anesthetic prop- 
erties but is rarely used clinically be- 
cause it is neurotoxic. Methyl chloride 
is usually mixed with ethyl chloride or 
ethyl bromide for clinical use. These 
mixtures likewise are rarely used because 
they liberate methyl alcohol in the body 
and cause neuritis. 

Chloroform 

PnOPERTIES 

Chloroform, or trichlormethane, first 
prepared by Liebig in 1831, was intro- 
duced into surgery by Simpson at Edin- 
burgh in 1847. This halogenated hydro- 
carbon is a potent anesthetic but is not 
widely used because of its toxic effects 
on cardiac and hepatic tissues. Chloro- 
form is a colorless, mobile liquid which 
boils at 61®C. The drug possesses a sweet, 
pleasant odor. Chloroform is so potent 
that only a veiy small inhaled concen- 
tration is necessary for anesthesia (1.5®). 
Were it not for this fact, it would not 
be sufBciently volatile for inhalation. The 
vapor of chloroform is heavier than air 


hoi, ether, acetone, benzene, and all ani- 
mal and vegetable fats and oils. 

Tlie index of refraction of the liquid at 
20°C. using a sodium light is 1.44467; 
that of the vapor 1.0014364 at 760 mm. 
Hg. The Van der Waal’s constants are 
(a) 15,17 and (b) 0.1022. The Raoult ab- 
sorption coefficient is 1.0 g. per 100 ml. 
water at 15°C. The Ostwald solubility 
coefficient at 37®C. is 4.66 in water and 
11.51 in human blood. The olive oil- 
water ratio at 20®C. is 70. The viscosity 
of the liquid at 20°C. is 0.571 centipoises, 
that of the vapor at 61°C. 189.0 mi- 
cropoises. The melting point is — 

The latent heat of vaporization is as fol- 
lows: 0®C., 64.6 gram calories, at 20°C., 
62.8, at 61 “C., 59.0. The heat capacity of 
the liquid is 0.231 gram calories at 20®C. 
and 0.234 at 30®C. 

Preparation 

Chloroform may be prepared in a 
number of ways. The classical method, 
and one which may be used in the lab- 
oratory, is to heat acetone or ethyl alco- 
hol with bleaching powder (CaOCh) and 
to subject the mixture to steam distilla- 
tion. Alcohol is first oxidized to acetalde- 
hyde by the chlorine which is liberated 
from the bleaching powder. The methyl 
group is then halogenated by substitu- 
tion to form trichloracetaldehyde. If 
acetone is used, one of its methyl groups 
is chlorinated by substitution to form 
trichloracetone; 


Cl 


CHr— C— CH, + 3Ch 


O 


( 

Ca__0_G_CH, -f 3HC1. 

! li 


C! O 


(S. G. 4.12, air = l). Unlike ether, the Both trichloracetone and trichloracelal- 
liquid sinks in water since it has a sped- dehyde react with alkalies to form chlo- 
fic gravity of 1.476 at 20°C. Water roformandsaltsoforganicac/ds. Bleach- 
solubility is low— 0.822 ml. per 100 ml. ing powder supplies the alkali as it yields 
at 20®C. The drug is miscible with alco- caldum hydroxide in this reaction. Cal- 
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cium acetate forms, illustrated by the following reaction: 


Cl O 

I 11 

-C-C-CII, + Ca(OII),- 
C1 


Chloral hydrate is also converted to 
chloroform by alkalies, Bromal, tribrom- 
acetaldehyde, and triiodoacetaldehyde 
are likewise decomposed to their respec- 
tive haloforms and salts of organic acids. 
Chlorine or bromine \vater boiled with 
acetone or ethyl alcohol will form chloro- 
form and bromoform. The reaction is es- 
sentially similar to that obtained with 
bleaching powder. 

Commercially, chloroform may be pre- 
pared in large quantities by allowing car- 
bon tetrachloride and hydrogen to react 
in the presence of iron by the following 
reaction: 

Cl Ct 

i I 

ci— c_ci -j- 2II — * Cl— o— H + na. 

i. 

SrswsLTn 

Chloroform for anesthesia has added 
it to \% ethyl alcohol for purposes of 
stabilization. The drug is best stored in 
dark bottles away from heat, light, and 
contact with air, all of which favor oxi- 
dization to phosgene (carbonyl chloride), 
CI 


(L TI 


o— c— cir, 


, / 


+ Ca 


O-C— CHj 
II 
0 


Phosgene has been used as a poison gas 
in warfare. It reacts witli water to form 
hydrochloric acid and carbonic acid. If 
the gas is inhaled, this reaction occurs 
in the respiratory tract. The gas itself is 
not pungent and is easily inhaled. The 
hydrochloric acid has an irritating action 
upon mucous membranes and produces 
pulmonary edema. Alcohol is added to 
chloroform as a preservative. The phos- 
gene which forms in anesthetic chloro- 
form reacts with the added alcohol to 
yield diethyl carbonate, a comparatively 
harmless ester. The acid yields etliyl 
chloride with alcoliol: 


{Sec formula at bottom of this page} 


The physiological behavior of chloro- 
form lends support to the Meyer-Over- 
ton theory of narcosis (Chap. 27). The 
low water solubility, coupled with high 
lipoid solubility, results in a high parti- 
tion coefficient. At 20®C. the coefficient 
is 100. Chloroform is stable in the body 
and is eliminated unchanged. 

FLAMMABmiTY 

Chloroform is not ignited by sparks, 
or flames, and, therefore, does not form 


\ 

C 


CjIIiO 

. '^ 0 = 0 - 1 - 21101 . 


2C!H,0H -f 
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explosive mixtures. Oxidation of chloro- Identification 

form vapors if exposed to flames yields Chloroform is chemically reactive. It 
phosgene. Phosgene may form if chloro- interacts with aniline in the presence of 
form vapor is exposed to cautery, sparks, sodium hydro.xide to form phenyl isocy- 
or other heating devices used during op- anide, a substance wth a disagreeable 
eration. odor: 



-b 3XaCl + 3HjO. 


n 

] Tbe reaction is called the Hoffman car- 


DisTRiBunoN IN Tissues 
The concentration in blood necessary 
for surgical anesthesia ranges between 
40 and 50 mgm. per 100 ml. Blood con- 
centrations reported by different au- 
thors are in wde ranges of disagreement, 
probably due to the methods of analysis 
and variation in depth of anesthesia. 
Lethal concentrations appear to be above 
80 mgm. per 100 ml. Approximately 
twice as much is transported by the red 
cells as by plasma. The concentration in 
brain tissues is 30—45 mgm. per 100 gm. 
of tissues during moderate anesthesia in 
dogs. Although it is almost all entirely 
exhaled unchanged from the lungs its 
stability in the body has been questioned 
from time to time. The administration 
of compounds containing bromine pro- 
duces anesthesia which is followed by an 
increased excretion of inorganic bro- 
mides in urine. Chloroform may possibly 
behave similarly and form hydrochloric 
acid and a residual hydrocarbon. This is 
difficult to prove because the resulting 
chlorides are difficult to differentiate 


bylamine reaction. Alpha and beta 
naphthol in 33% sodium hydroxide react 
with chloroform to form a compound 
with a brick red color. Chloroform is 
analyzed by means of Fugiwara color 
reaction. Halides of the type RCXj react 
with pyridine in sodium hydroxide to 
form a derivative with a pink color. The 
test, which has a sensitivity of 1 part per 
million for chloroform, fonns the basis of 
the Cole test. The Cole test is used to 
identify and quantitatively determine 
chloroform in body fluids and tissues. 
The resultant color is compared colori- 
melrically, using a standard composed of 
aqueous solutions of cobaltous salts. In 
toxicological studies the chloroform is 
isolated by steam distillation and the test 
is applied to the distillate. To.xicological 
material, body fluids, and other biologi- 
cals, must be examined immediately be- 
cause clilorofoxm quickly decomposes to 
formic acid. Chloroform is easily hy- 
drolyzed by alkalies to formates. The 
gas chromatograph appears to be a use- 
ful tool for analytical studies of halogen- 
ated hydrocarbons. More accurate data 


from the normally occurring chlorides, concerning blood and tissue concentra- 
The urinar}’ excretion of chloroform is in tions will be evolved as techniques of 
proportion to and usually parallels the analysis are developed. Chloroform 


concentration in plasma. Lipoid tissues, lagged witli radioactive chlorine has 
as one would expect, absorb more of tlie been used for studying the distribution 
drug tlian other tissues. in the body. Soda lime for carbon dioxide 
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absorption in rebrcathing appliances Carbon Tetrachloride 

may convert some of the chloroform to „ 

/. , 1 1. «• PnCPAHATION 

calcium formate and sodium formate. 

Also some dichloracetaldehyde may form Carbon tetrachloride was first pre- 
which is irritating. pared by Regnault in 1839 by interacting 

CHCl, + 4NaOH-»IICOONa + 3NaCl + 21120. 


iMruBrnES 

Chloroform for anesthesia should be 
free of all impurities of manufacture, de- 
composition, and contamination. Phos- 
gene is the most important and danger- 
ous impurity in chloroform. Acetone, 
free halogens, organic halides, hydro- 
chloric acid, organic acids, ethyl chlo- 
ride, ethyl carbonate, aldehydes, and 
peroxides are other possible impurities. 

Qualitative tests are available to de- 
tect these impurities. If a portion of pure 
chloroform is washed with an equal vol- 
ume of water, the aqueous layer should 
be neutral to litmus. The aqueous layer 
should also be free from halogen ions 
which may be detected by means of 
acidified silver nitrate solution. Free 
chlorine or other halogens may be de- 
tected by adding several drops of neu- 
tral 10!S potassium iodide solution to a 
portion of the aqueous layer. Chlorine, 
which is more active than iodine, dis- 
places free iodine which is identified by 
the blue color it yields with starch. 
Ketones and aldehydes may be delected 
by adding several drops of Nesslers solu- 
tion to a portion of the aqueous layer. A 
precipitate forms if the test is positive. 

Pure specimens of chloroform should 
be free from residue and odor upon evap- 
oration to dryness over a water bath. 
Carbonizable substances should be ab- 
sent when a portion of chloroform is 
treated with concentrated sulphuric 
acid. 

Chloroform is included in the U.S.P. 


chlorine and chloroform. Tlie commer- 
cial product is prepared by passing car- 
bon disulphide and chlorine over a cat- 
alyst containing antimony pentachlo- 
ride. 

PnopEnxms 

Carbon tetrachloride is a clear, color- 
less, nonflammable, heavy liquid with 
a chloroform-like odor. It boils at 76.7®C. 
and lias a specific gravity of 1.589 at 
Tlie solubility in water is low— 1 
part in 2000 parts of water. It is miscible 
with alcohol, chloroform, ether, and 
other organic solvents. Carbon tetra- 
chloride possesses anesthetic properties 
but its toxicity on the liver is pro- 
nounced. The margin of safety if used 
for inhalation is narrow. The drug is 
cardiotoxic also. 

Ethyl Chloride 
Fbeparation 

The general anesthetic properties of 
ethyl chloride were first described in 
animals by Flourens in 1847 and Hey- 
felder in 1848. This observation was 
overlooked until Carlson, in 1894, rein- 
troduced it as a general anesthetic in 
dentistry. 

Ethyl chloride, or monochlorethane, 
may be considered either as an ester of 
ethyl alcohol and hydrochloric acid or 
the monohalogen substituent of ethane. 
Tlie drug may be prepared by treating 
elliyl alcohol witli hydrochloric acid in 
tlie presence of zinc cliloride: 

CjHjOH -f- HCl ^ CsHiCl -f- HiO. 
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An alternate method of preparation is to 
add hydrogen chloride to ethylene. A 
completely saturated compound forms. 

H H II H 

II II 

H— 0=C— H + HCI -» H— C— C— Cl. 

u 

PnoPERTIES 

Ethyl chloride is sometimes referred 
to as Helene.” Tlie substance is a gas at 
ordinary’ temperature and pressures but 
is easily compressed into a colorless, 
highly volatile liquid, which can be 
stored in glass or metal tubes equipped 
with a spring cap covering a pinhole 
exit. The liquid boils at 12® to 13®C. and 
solidifies at — 140®C. When sprayed on 
the shin in a fine stream, a temperature 
of — 20®C. is attained which causes the 
tissues to freeze, Water vapor from the 
patient’s exhalation freezes on the mask 
during inhalation forming a frost. The 
frost which forms is not solid ethyl chlo- 
ride, as is erroneously believed by some 
clinicians. The latent heal of vaporiza- 
tion is 92 calories per gram at 2o®C. The 
liquid floats upon water (S.G. 0.921 at 
20®C.), in which it is vei}' slightly sol- 
uble. 

Flammabtlity 

Ethyl chloride is not too far removed 
from ethane since it is only monochlo- 
rinated. Tlierefore, it possesses flam- 
mable properties and explodes when 
mixed with air in as low a concentration 
as 4% up to 14.5% at 25®C. and atmos- 
pheric pressure. In oxygen tlie range of 
flammability is 4.05 — 67.2. The ignition 
temperatures of flammable mixtures is 
517®C. in air and 486°C. in ox)'gen at 
atmospheric pressure and room tempera- 
ture {25®C.). Tlie vapor is 2.28 limes 
heavier than air. 
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Impurities 

Ethyl chloride may contain traces of 
alcohol. Aldehydes, chlorides, or poly- 
halogenaled ethanes may be some other 
impurities. 

DisTRiBunoN IX Tissues 

The anesthetic concentration in vol- 
umes per cent ranges from 5% to 4.5%. 
The blood concentration during surgical 
anesthesia ranges between 20 mgm. and 
30 mgm. per 100 ml. of blood. Ethyl 
chloride is lipophilic. The Raoult ab- 
sorption coefBcient is 0.574 gm./lOO ml. 
water at 20®C. The Ostwald solubility 
coefficient at 20®C. is 2.1 for water and 
65 for olive oil. At 37®C. it is 40.5 for 
olive oil. The drug is eliminated un- 
changed by exhalation. Whether or not 
it undergoes any deterioration in the 
body is not kno\vn. 

Trichloretbane 

Properties 

The anesthetic effects of trichloretbane 
have been studied by Krantz and his 
coworkers. The substance is a dicarbon 
molecule having three chlorine atoms 
on a single carbon. It is a nonflammable 
liquid which boils at 74.1°C. The odor 
resembles chloroform. Tlie liquid tends 
to deteriorate into various halogenated 
products unless preserx’ed with 0.01% 
thymol. The anesthetic properties and 
potency are similar to chloroform. The 
period of induction is short (3 to 4 min- 
utes) while recovery requires twenty to 
thirty minutes. Its bebar’ior is similar to 
that of chloroform in this respect. 

SOLUBIUTY 

Tlie solubility in water is 0.19 ml. in 
100 ml. at 30°C. The oil/water coeffi- 
cient is 100. 
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Isopropyl Chloride 

Isopropyl cliloride is a saturated halo- 
genaled hydrocarbon. It is a colorless 
liquid with a garlic like odor. It is flam- 
mable and forms explosive mixtures 
when the vapor is mixed in air and oxy- 
gen. It decomposes when exposed to 
sunlight or heat to hydrochloric acid and 
various halides. It has a boiling point of 
36.5°C., a molecular weight of 78.5, a 
specific gravity of 0.855S at 20°C. It is 
sparingly soluble in water, 0.308 grams 
in 100 ml. at SO’C. but is miscible with 
alcohol and ether. 

In animal experiments its anesthetic 
potency is approximately double that of 
diethyl ether. Concentrations of % to 1.2 
volumes per cent in the inspired atmos- 
phere produce anesthesia in dogs. It 
was introduced as a clinical anesthetic 
agent by McDonald in 1950. Unfavor- 
able results from clinical use have been 
reported by Lockett, Elam, Dodd and 
otliers. Generally, it is regarded in the 
same category as ethyl chloride and be- 
haves similarly in regards to the cardiac 
tissues. It produces a rapid induction and 
emergence and is non-initating to the 
pharynx, larynx, trachea and bronchi. 

Vinyl Chloride 

Vinyl chloride was investigated for 
anesthetic potency by Krantz and his 
coworkers (1947). The substance is used 
in industry for the syntliesis of various 
organic compounds. Vinyl chloride is a 
gas which boils at — 15®C. It is soluble 
in the usual organic solvents. Tlie vapors 
are combustible. The action of vinyl 
chloride is similar to that of ethyl chlo- 
ride and less harmful tlian either chloro- 
form or carbon tetrachloride. The con- 
centration for anesthesia for man is 7— 
10^. In general it has little to offer over 
ethyl chloride and its use is considered 
unsafe. 


Dichlorclhylcne 

DIchlorethyIcne is another of the halo- 
genated olefines. It is also known as 
acetylene dichloride and as Dioform. It 
is a liquid with an ethereal acrid odor 
which boils at 55°C. The vapors pro- 
duce anestliesia, but the drug has never 
had clinical application. The drug is de- 
composed by beat and light to hydro- 
chloric acid and various halides. 

Trichlorethylene 

Descmption 

Trichlorethylene, 

Cl Cl 

H— i— i-ci, 

is an unsaturaled, halogenated hydro- 
carbon. It has been known under various 
names, such as chlorylene, Westrosol, 
Ethenyl trichloride, Trimar and Trilene. 
Trichlorethylene was first described in 
1884 by the German chemist Fischer. The 
substance has been widely used as a 
solvent for fats and oils, particularly in 
the dry cleaning industry. Plessner in 
1915 accidentally discovered its analge- 
sic properties and described its toxic 
manifestations. Tlie drug was believed to 
possess a selective action on the trigemi- 
nal nerve and was introduced into medi- 
cine principally for relief of trigeminal 
neuralgia. The general anesthetic proper- 
ties were overlooked for some time. The 
anesthetic effects were first discovered in 
animals by Lehmann in 1911. Dennis 
Jackson and his co-workers (1934) be- 
came interested in central analgesic ac- 
tions of trichlorethylene and adminis- 
tered the drug to dogs. He believed that 
trichloretliylene was a useful drug but 
xvas discouraged by a report from the 
Council on Pharmacy and Chemistry 
which suggested that additional work 
was necessary. The search for nonflam- 
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mable anesthetics led to a revival in in- 
terest. Hewer in 1940 gave a preliminary 
report on 127 cases. 

Preparation and Propeiuties 
Trichlorethylene is prepared by boil- 
ing symmetrical tetracbloretbane \vith 
lime. The drug is a clear, colorless, non- 
flammable liquid possessing an odor 
somewhat like that of chloroform. As is 
the case with most halogenated hydro- 
carbons it is heavier than \vater. The spe- 
cific gravity of the liquid is 1,45 at 25°C. 
Tlie refractive index is 1.4770 at 25*0. 
The boiling point is somewhat higher 
than that of chloroform (88 to 90°C.), 
This is a disadvantage since adequate 
vapor pressures to maintain anesthesia 
are obtained with difficulty. Like cliloro- 
form it is insoluble in water but miscible 
with alcohol, etljer, oil and other organic 
solvents- The density of the liquid is 
1.4980 grams per ml.; that of the vapor 
at its boiling point is 0.00445, The vis- 
cosity at 20®C- is 0.58 centipoises; that 
of the vapor 0,103 micropoises at OO^C. 
Hie molecular weight is 131.3. The melt- 
ing point is — 73®C. The latent heal of 
vaporization is 57.24 gram calories. The 
heat capacity of the vapor is 0.156 gram 
calories at SO^C. and 1 atmosphere; that 
of the liquid is 0.233 gram calories at 
20*0. Tlie Van der Waals’ constants are 
a = 16.980 and b = 11.280. The absorp- 
tion coefficient is 0.11 gram per 100 
grams of water at 25°C. The Ostwald 
solubility coefficient at 20°C. is 3.0 for 
water, 18-22 for human blood and 15- 
20 for plasma. At 37'*C. the coefficient is 
1.55 for water and 8-10 for human blood. 

The commercial preparation may con- 
tain impurities, therefore, only the puri- 
fied agent should be used for anesthesia. 
In England tricblorelbylene is produced 
under the name of Trilene. Thymol 


Compounds 3l3 

(.01%) is added to retard decomposition. 
In addition waxoline blue, 1-200,000, is 
added to avoid confusing the drug with 
dilorofoim. The pure drug decomposes 
in strong light and air and should be 
stored in tinted bottles or stoppered cans. 
The drug should never be used after ex- 
posure to air and standing for more than 
one or two days in its usual container. 
Acid products such as phosgene, acety- 
lene, acetylene dicbloride and hydro- 
chloric acid form. The substance con- 
tributes to an industrial hazard. Poison- 
ing has been reported in establishments 
where it is employed as a solvent. 

Flammability 

Trichlorethylene is not flammable in 
ordinary anesthetic concentrations. Con- 
centrations of 10.3-64.5% in oxygen or 
oxygen-rich mixtures at temperatures ex- 
ceeding 25.5®C. will ignite. The vapor 
pressure is too low below this tempera- 
ture to form a flammable mixture. The 
minimum ignition temperature is 419®C. 
in air and 463°C. in o.xygen. Trichlor- 
elhylene used in the presence of a 
cautery causes the formation of varying 
amounts of phosgene but this is believed 
by many to be of doubtful importance 
in clinical practice. Mixtures in air are 
not flammable. 

DtSTiuBuno.v Lv Tissues 

The inhaled concentration for anal- 
gesia varies from 0.25%-0.50%. Inhaled 
concentrations for surgical anesthesia 
average 4%. In blood tlie concentration 
in dogs varies between 20-30 mg. per 
cent. The concentrations producing res- 
pirator}’ failure in dogs are 110-100 mg. 
In humans tlie concentration appears to 
be lower averaging 6.5-12.5 during clini- 
cal ancstliesia. The blood concentration 
falls to 1 mg. within three hours on 
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cessation of anesthesia and to 0.10% in 
24 hours. 

Unlike the majority of inhalational 
anesthetics, trichlorethylene undergoes 
some change in the body. Trichloracetic 
acid appears in the urine during the first 
24 hours in concentrations that vary witli 
the amount of trichlorethylene adminis- 
tered and the duration of anesthesia. Tri- 
chloracetic acid blood levels are in- 
creased for two or three days after the 
administration of the drug. The trichlor- 
acetic acid level gradually declines with- 
in five days. It is believed that the com- 
pound is first converted to trichlor- 
ethanol and is then oxidized to trichlor- 
acetic acid. The initial product of metab- 
olism in dogs is trichloracetic acid. 
These metabolites continue to appear in 
the urine for as long as 6-10 days. 
The imconverted portion is eliminated 
from the lungs. Traces are found in the 
expired air for as long as 48 hours. 

Stability Avmi Soda Lime 

Trichlorethylene is unstable in the 
presence of alkalies. It forms diclilor- 
acetylene in the presence of soda lime 
in the closed circuit. Dichloracetylene 
causes a toxic neuritis. Tlie fifth and sev- 
enth cranial nerves seem to be most fre- 
quently involved. However, the third, 
fourth, sixth, tenth and twelfth also have 
been affected. Tlie dichloracetylene is 
spontaneously flammable and forms 
phosgene and carbon monoxide upon 
standing. The decomposition occurs 
gradually and is retarded by the pres- 
ence of excess trichlorethylene or ether. 
Dichloracetylene, therefore, may linger 
when in the apparatus and in the soda 
lime granules. Patients in subsequent 
anesthetization may be affected by the 
toxic products for as long as 3 or 4 days 
after tlie absorbent is contaminated. The 


patient exhaling the trichlorethylene into 
the soda lime may cause dichloracety- 
lene to form but not receive enough of 
the toxic product to cause nerve palsies. 
Data from animals suggest that the haz- 
ard of dichloracetylene formation is dim- 
inished if an interval of 15 minutes or 
more elapses from the time the trichlor- 
elhylene is discontinued and closed sys- 
tem anesthesia is commenced. The quan- 
tity of trichloracetylene which forms in- 
creases as the temperature from the soda 
lime in the canister rises. The relation- 
ship, however, is not necessarily a linear 
one. The rate of the formation rises ab- 
ruptly above 60 ®C. Inasmuch as one 
never has the assurance that toxic by- 
products will not form it is advisable not 
to use closed system anesthesia after tri- 
chlorethylene has been employed. 

Tlie presence of free acids in speci- 
mens of trichlorethylene may be de- 
tected by the use of Congo red or other 
indicators. Free chlorides may be deter- 
mined by the use of dilute silver ni- 
trate solution in nitric acid. Trichlor- 
ethylene has been analyzed qualitatively 
and quantitatively by the Fugiwara Re- 
action, the iodine pentoxide train, and 
the interferometer. 

Tetrachlorethylene 

Description 

Tetrachlorethylene, 

Cl Cl 

U, 

i. i. 

also known as perchlorethylene, is an 
unsalurated halogenated hydrocarbon 
employed chiefly as an anthelmintic. The 
drug was first prepared by Faraday. 
Its narcotic properties were first noted in 
1911 and then investigated by Lehmann 
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and his associates in 1936. Lamson, Rob- 
inson, and Ward studied the pharmaco- 
logic properties. 

Properties 

The drug is a heavy, colorless liquid 
with a sweet but not unpleasant odor. 
The specific gravity of the liquid is 
1.6311 and its boiling point is 121®C. 
The vapor, which is extremely heavy 
(S.G. 5.72), is not flammable when mixed 
with air or oxygen at ordinary tempera- 
tures (25°C.). The drug is soluble in 
organic solvents, such as alcohol, chloro- 
form, and benzene, and is miscible in all 
proportions with vegetable and mineral 
oils. It is poorly soluble in water (1/2500 
at 30"C.). 

Anesthetic Potency 

Apgar and her associates, in search of 
a potent nonflammable anesthetic, at- 
tempted to use the drug for anesthesia 
in man (1942). Considerable difficulty 
was experienced in vaporizing the liquid 
to obtain the concentration necessary for 
surgical anesthesia. Induction was pro- 
longed and maintenance of an even 
plane of anesthesia was impossible. Al- 
though they found the drug to be a 
potent anesthetic, it was objectionable 
because of irritation to tissues of the 
respirator)'^ tract, bums to the shin, and 
copious secretions. 

Tetrachlorethylene is stable when 
stored in amber bottles away from air 
and light. Light and heat cause its de- 
composition. Phosgene and hydrochloric 
acid are among its products of decom- 
position. 

Ethyl Bromide 

Ethyl bromide, or monobromoethane, 
is prepared by distilling a mixture 
of potassium bromide, alcohol, and sul- 


phuric acid. Like ethyl chloride, ethyl 
bromide is a volatile liquid with an 
etliereal odor and a burning taste. How- 
ever, it is less volatile than ethyl chloride 
{B.P. 38° to 40°C.). The specific gravity 
of the liquid is 1.429 at 25°C. One part is 
soluble in 100 parts of water at 0°C. 
Water solubility decreases as the tem- 
perature increases. In the presence of air 
and light, ethyl bromide decomposes. 
Free bromine frequently forms. Eth)d 
bromide as such is little used in anes- 
thesia. A mixture of ethyl chloride, 
methyl chloride, and ethyl bromide has 
been also used for inhalation anesthesia 
in man but is now obsolete. 

Bromoform 

Prepaiutton 

Bromoform, or tribromoethane, was 
first prepared by Lowig in 1832. The 
substance is prepared by halogenation of 
acetone, by warming with bromine water 
and sodium hydroxide, The reactions are 
similar to those used for the preparation 
of chloroform. 

Bromoform is a colorless, heavy liquid, 
which boils at 249° to 250°C., and pos- 
sesses an odor somewhat similar to 
chloroform. Bromoform has a specific 
gravity of 2.902 at 25°C. Like chloro- 
form, its solubility in water is low, ap- 
proximately 1/800 at 25°C. The drug is 
miscible with the organic solvents and 
in fats. Bromoform decomposes readil)' 
if exposed to light and heat. Approxi- 
mately 3% to 4% alcohol is added as a 
preservative. Products of decomposition 
are various brommated substances and 
free bromine. Bromoform is unimportant 
clinically. 

FLUORINATED COMPOUNDS 

Fluorine and fluorinated compounds 
have been known for some time. Henri 
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Moissan isolated fluorine in 1886. The 
intense interest in fluorinated hydro- 
carbons as solvents, refrigerants, etc. 
which has developed in recent years ob- 
scures the fundamental fact that the 
chemistry of these compounds has been 
known for some lime. Quantities avail- 
able for study were limited. Methods of 
synthesis, although difficult, have im- 
proved considerably. Organic fluorinated 
compounds manifest properties whidi 
can be characterized as extremes or as 
opposites. Some are highly reactive; 
others are extremely inert. Some are 
toxic; others are non-toxic. Compounds 
containing a single fluorine atom at- 
tached to a carbon differ markedly from 
those containing two or three fluorine 
atoms. Alkyl derivatives, with a single 
fluorine atom, are unstable and hydrolize 
easily to an alcohol and hydrofluoric 
acid. Tlie difluorides (sometimes called 
gem fluorides) are more stable but do 
undergo chemical change. The trlQuoro 

F 

I 

F— C— R 

I 

F 

compounds are extremely stable. Fluo- 
rine may replace liydrogen in a series of 
liydrocarbons to form a comparable fluo- 
rinated series. 

Hydrocarbons whose hydrogen atoms 
are substituted by fluorine are referred 
to as fluorocarbons. Fluorocarbons are 
extremely inert, being almost as stable 
as the inert gases. They react only when 
subjected to vigorous chemical activity. 
They react with metallic sodium and 
potassium heated to 300'’'-400°C. They 
react xvith silica at about 400“C. to form 
silicon tetrafluoride. The purely fluorin- 
ated hydrocarbons are without narcotic 
potency. CF* is an extremely stable, inert 


compound while CCh is quite potent, 
The presence of two fluorine atoms re- 
duces the narcotic activity and toxicity 
of chlorine atoms attached to the same 
carbon atom. The reactivity of CFsCh 
both cliemically and physiologically is 
less than tliat of CHiCh. Tlie progres- 
sive replacement of hydrogen by chlo- 
rine, bromine or iodine causes a con- 
tinued increase in boiling point. The sit- 
uation is different with fluorine, A pro- 
gressive replacement of hydrogen by 
fluorine in a carbon atom causes an in- 
itial increase in boiling point followed 
by a decrease. For example: CH 4 boils at 
~161^ CH,F, at -52^ CHF. at -83°, 
CF* at — 128°C. The same holds for mix- 
ing halogens. For e.vample: CHsCh boils 
at —24°, CH:CIF boils at —9% CHCIF* 
boils at —41°, while CClFj boils at 
— 81°C. Fluorination reduces the flam- 
mability of the compound. Fluorination 
of the aromatic ring causes little change 
in boiling point. Fluorine is the most 
electronegative of elements. It, there- 
fore, exerts a pronounced effect on other 
halogens which appear with it on a car- 
bon atom and confers greater stability 
to the molecule. The interatomic dis- 
tance is shortened progressively as the 
number of fluorines increases on an 
atom. The attraction between molecules 
decreases, thereby decreasing the boiling 
point. This marked electronegativity ap- 
pears to be transmitted to adjacent car- 
bon atoms. In the case of halothane the 
bromine and chlorine atoms on the ad- 
jacent carbon atom are attached more 
tenaciously than they are in the corre- 
sponding hydrocarbon. Tlie presence of 
the CFs group confers marked stability 
to a molecule particularly if it is one com- 
posed of several carbon atoms. 

A series of fluorocarbons often re- 
ferred to as freons have been produced 
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which, by virtue of their low boiling 
points, nonflammability, and inertness, 
are used as refrigerants. Dichlorodifluoro 
methane (Freon-12) is used as a solvent- 
propellent for aerosols and as a refrig- 
erant. It is non-narcotic. 

The interest in the anesthetic potency 
of fluorinated derivatives goes back a 
number of years. Robbins (1946) investi- 
gated the anesthetic properties of a 
series of 46 saturated, unsaturated, fluo- 
rinated and mixed halogenated aliphatic 
hydrocarbons and ethers of four carbon 
atoms or less. He found four of these to 
be of interest. These were (CFiCHCl 
CHCl), (CHFsCHCl • CHCl • CH.Cl), 
(CF.CHBr*) and (CFaCHBraCHa). They 
all produced arrhythmias, falls in blood 
pressure and poor muscle relaxation. The 
amounts available to liim were limited- 
less than several ml. Their purity was 
not established with certaint)'. Krantz 
and his co-workers (1933) like^vise 
studied an extensive series in which he 
found trifluoroethyl vinyl ether (Flu- 
oromar) to be the most promising. Suck- 
ling, Ravenlos, Johnstone and others in 
Great Britain found alpha trifluoro beta 
monochlormonobromethane to be ex- 
tremely potent and introduced it under 
the name of halothane (Fluotliane). Ar- 
tusio investigating a series of refrigerants 
found difluro, dichloroethyl methyl ether 
(Methoxyfluorane) to offer some promise. 

In general the substitution of fluorine 
for chlorine decreases the potency, tox- 
icity and anesthetic activity of hydro- 
carbons and etlrers. Those of promise 
thus far arc mfrcd compounds which 
have other halogens or ether linkages in 
the molecule. Complete fluorination of 
methane produces an inert compound 
which Faulconer found to be non-anes- 
thetic. Complete substitution of all hy- 
drogen atoms on ethyl ether produce a 
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convulsant. One hydrogen atom at least 
appears to be necessary' for anesthetic 
activity on each alkyl radical. 

Halothane (Fluolhane) 
Properties 

In searching for a potent nonflam- 
mable anesthetic. Suckling and his co- 
workers m 1936 synthesized 1, 1,1,1, tri- 
fluoro 2,bromo, 2,chloroethane: 

F Cl 

F— C— C— Br. 

I I 

F H 

This compound known as halothane 
(Fluothane) is a colorless, clear, some- 
what heavy' volatile liquid W7th a su'eet 
pleasant odor somewhat resembling 
chloroform. The molecular weight is 
197.39, its boiling point is 50.3®C. The 
specific gravity (density) is 1.86 at lo^C. 
The solubility in water is 0.0345 gm. per 
ml. at 20*C.*, 0.0160 gm. per ml. of blood 
at 37®C.; oil-water ratio is 330 at 23^C. 
The partition coefficients for air-water 
are 0.87 at 23*; for air-blood 0.16 at 23° 
and 0.28 at 37°C. The refractive index 
is 1.3695 to 1.3705 for the D line at 20®C. 
At the boiling point the latent heat of 
vaporization is 35.2 calories per gram. 
The viscosity is 0.319 centipoises for the 
liquid at {M)®C. The specific heat is 0.003 
calories per gram at 25®C. Tlie vapor 
pressure at 10°C.is 157 mm.Hg, at20°C. 
243 mm. Hg, at S0®C. 364 mm. Hg. 
Vapor pressure for other temperatures 
may' be calculated: 

!ogp== /./23 X 

T 

in which T = absolute temperature and 
p — vapor pressure in mm Hg. 

STADIUrY 

Halothane is not flammable in anv 
proportions with air or oxy'gen. It is 
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stable in the presence of soda lime. It is 
slowly decomposed by light to hydro- 
chloric acid, phosgene and other mixed 
halogens. This deterioration is inhibited 
by the addition of 0.01% Thymol. Halo- 
thane reacts with certain metals in the 
presence of moisture due to the libera- 
tion of acids. It attacks aluminum and 
zinc but not copper. It may cause expan- 
sion of some plastics and deterioration 
of rubber after long exposure. The pres- 
ence of three fluorine atoms imparts un- 
usual stability to the molecule. The com- 
pound has an asymmetric carbon atom 
and should, therefore, have two optical 
isomers. However, it has not been re- 
solved into its isomers. 

Potency 

Fluothane is the most potent inhala- 
tional anesthetic known. Full surgical 
anesthesia is obtained with an inhaled 
concentration of 2-4% witliin 2-5 min- 
utes. Maintenance requires 0.4-1%. Blood 
concentrations vary from 4-9 mgm. 
percent during light anesthesia; 22 mgm. 
percent during surgical anesthesia and 
25-35 mgm. percent at a depth sufficient 
to cause respiratory arrest. Ten minutes 
after anesthesia the blood concentration 
faffs to 0.8 mgm. percent or fess. The 
drug is stable in the body. Elimination 
is almost entirely by exlialation. 

Azeotropic Mectuhes 

An azeotropic mixture is a mixture of 
two or more volatile substances mixed 
in such proportions that the combined 
vapor pressure of each equals atmos- 
pheric pressure. In other words, they will 
distill witliout decomposition in a certain 
ratio at a constant boiling temperature. 
The mixing of two or more volatile agents 
is designed to take advantage of the bene- 
ficial properties of each agent and, at the 


same time, minimize the disagreeabh 
properties of each. This has been com 
mon practice for many years. John Snov 
used mixtures of chloroform and ether 
Their use has been common with tin 
halogenated compounds in particular 
Thus, it is not surprising to find thai 
ether has been combined with halothane 
An azeotropic mixture forms when 31.7S 
ether and 68.3% halothane are mixed. The 
azeotropic mixture of halothane is des- 
ignated to minimize side effects of the 
halothane and decrease the quantity 
used. The mixture distills at 51.5 '’C. The 
two drugs are compatible; therefore, a 
stable mixture forms. The mixture of the 
vapor mixed with air or oxygen is not 
fiammable if the concentration remains 
less than 10.7% by volume. Above this the 
mixture is flammable. The partial pres- 
sure of the mixture at 24®C. is 742 mm. 
Hg. The partial pressure necessary for 
anesthesia is 11.1 mm. Hg (1.5% by vol- 
ume). 

Trifluoroethyl Vinyl Ether 
Properties 

Trifluoroetliyl vinyl ether is a halo- 
genated, unsaturated ether hanng tliree 
fluorine atoms on the terminal carbon of 
the ethyl group. It does not have a 
chlorine or bromine in the molecule. Tlie 
compound was first prepared in 1951 by 
Shulq'se. The anesthetic properties of the 
ether were studied by Krantz and his co- 
workers (1952) in animals and by Orth, 
Domette, Dripps and others in man. The 
drag is made by the interaction of acety- 
lene and trifluoroethanol. 

Properties 

Trifluoroethyl vinyl ether is a mobile, 
colorless liquid with an odor similar to 
vinyl ether. The vapor is non-initating. 
Its boiling point is 43.2°; specific gravity 
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is 113 at 25*^0. The vapor is heavier than 
air, 4.4 air==l. The vapor pressure is 
28°C. at 395 mm. Hg. The molecular 
weight is 126. The index of refraction is 
1.3192 at 20°C. using a sodium light. 

Stabiuty 

Tlie molecule is fairly stable; it can 
only be disrupted by drastic treatment 
with alkalies. It does not hydrolyze in 
buffered solutions whose pH ranges from 
2 to 11. It has none of the chemical prop- 
erties of inorganic fluorides. It does not 
release fluoride when it is in contact 
with soda lime. It is stabilized with 0.01% 
phenyl naphthylamine, as is vinyl ether. 
Light causes the ether to decompose to 
acetaldehyde and trifluoroethanol. For 
this reason it is stored in brown bottles 
with a stabilizer (phenyl a naphtliyla- 
mine 0.01%). 

Solubility 

It is soluble 0,4 vols. percent in water 
at 80®C. The oil-water ratio in com oil 
at 25*C. is 90, The air-blood ratio is 5:1. 
Induction is rapid, recovery is rapid. The 
inhaled concentrations in man are as fol- 
lows; For analgesia— 1.2S-2%; plane one 
— 1.2%-3.2%; plane two— 2%-3.3%; plane 
three— 3%-5%; plane four— 5^-8%. The 
vapor is stable in the presence of soda 
lime. 

Elimination 

The ether is eliminated unchanged 
through the lungs. Blood levels for light 
anesthesia are 10-20 mgm, per 100 ml., 
12-30 for moderate and 18-35 for deep. 
Blood levels after 35 minutes dropp^ 
from 42 mgm. percent, after one hour to 
10.0 mgm. percent, after three hours to 
3.9 mgm. percent, after sue hours to 3,0 
mgm. percent. Tlie lethal blood level is 
40-60 mgm, percent. 
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flammability 

In spite of halogenation the drug is 
flammable. The fluorine atoms, however, 
do reduce the flammability somewhat 
but do not completely suppress it. The 
lower range of flammability is 4,1% in air 
and 4.0% in oxygen. Energy required to 
ignite a flammable mixture is 30 times 
that required to ignite ethyl ether. 

Sulphur Hexafluoride 

Sulphur combines with fluorine to 
form an extremely stable gaseous com- 
pound which has an anesthetic potency 
similar to nitrous oxide but somewhat 
more feeble. The compound is so stable 
and inert that it witlistands boiling in 
sodium hydroxide, temperatures equal 
to those necessary to soften glass and 
electric potentials up to 51a million volts. 
Its narcotic activity is physical rather 
than chemical due to the inertness. Tlie 
inertness is associated with the strong 
electric negativity of the fluorine atom 
which causes a strong covalent bonding. 
The solubility coefficient is 0.1 at stand- 
ard conditions. This is less than that of 
helium, which is the least stable of the 
elemental gases and which has a coeffi- 
cient of 0.87. The oil solubility is high 
compared to helium —2 for helium and 21 
volumes percent for sulphur hexafluo- 
ride. The oil water ratio is 200 at 20°C. 
Virtue found the inhaled concentration 
in man to 79?. 

Methoxyflurane 

Methoxyflurane is a chlorinated fluori- 
nated ether studied experimentally by 
Artusio and Van Poznak, The structure 
is as fol!o^v5: 

Cl F 

II— o— i— o— cn„ 
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It is a clear, colorless liquid which boils 
at 104.8°C. at 760 mm. Hg. It freezes 
at --35®C. It has a latent heat of vapor- 
ization of 49 calories per gram. The odor 
is pleasant and fruity. The compound is 
stable in tlie presence of alkalies. Tlie ex- 
plosive limit at 20®C. is zero. The chemi- 
cal will not bum at high temperatures. 
b\it has a high flash point (145°F.). The 
vapor density is 3.6 grams per liter. The 
liquid is miscible with vegetable and 
animal oils. The water solubiUly is 2.2 
grams per liter. The oil-water distribu- 
tion coefficient is 400. A 10% concentra- 
tion gives a distribution of 390 (halo- 
thane is 330). The absolute viscosity is 
1.070 cenlapoise at 20®C. and 0.703 at 
50®C. 

Tlte drug produces general anestliesia 
when inhaled. Blood concentration in 
dogs is 140-160 parts per million. It ap- 
pears to produce anesthesia comparable 
to ether and chloroform. Elimination ap- 
pears to be slow. 

Little data is available on its pharma- 
cology because the substance is relative- 
ly new and has not been studied e.xten- 
sivelv. The proprietary name is Fenth- 
rane. 

Halogenatcd Alcohols 

The halogenated aliphatic alcohols arc 
useful anesthetic and sedative drugs. 
Most important of tliis group are tri- 
clilor, tribromethanol, ethochlorvinyl al- 
cohol. The aliphatic halogenated alco- 
hols are not sufficiently volatile for in- 
halation. Besides they are not inert in the 
body. Consequently, tliey are adminis- 
tered either orally, intravenously, or 
rectally. They are more soluble tlian the 
halogenated hydrocarbons and are as a 
rule less stable. They cannot be prepared 
by direct halogenation of the alcoliol. 
Usually they are formed by reducing the 


halogenated aldehyde or combining a 
molecule of halogenated hydrocarbon 
with an aldehyde or ketone. 

Tn'clilorethanol 

Preparation 

Trichlorelhanol was first described by 
Kulz in 1882, but its anesthetic proper- 
ties were never closely studied. Molitor 
reinvestigated tlie pharmacology of the 
drug in 1937 when the success of tribro- 
methanol called attention to the possi- 
bility that the trichlor might also be used 
as a ‘'basal narcotic." The drug is also 
called cihapon. The usual metliod of 
preparation is to reduce chloral in an 
aqueous solution by the action of yeast 
in the presence of sugar. Reduction of 
chloral may also be accomplished by the 
use of aluminum etlioxide suspended in 
benzine. TIic reduction of the aldehyde is 
expressed by the following equation. 

Cl O Cl II 

cv-i— i— on . 
it ii 

Properties 

Tficlilorethanol is a colorless, some- 
what viscous liquid, possessing an ethe- 
real odor. The drug is heavier than water 
(S.G. 1.55 at 20®C.) One ml. contains 
1550 mgm. at 20°C. The liquid decom- 
poses if boiled at atmospheric pressure. 
At reduced pressure, — 737 mm. Hg, it 
distills over at 151°C. unchanged. Solidi- 
fication to a wliite powder occurs at 
19®C. One part trichlorelhanol dissolves 
in 12 parts of water at 25°C. Tlie liquid 
is extremely hygroscopic and abstracts 
water from moist air. The substance is 
miscible ivith ether and other organic 
solvents. 
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Stability 

A 5% aqueous solution is slightly acid 
(pH 5.9). The solution becomes more 
acid if allowed to stand any length of 
time. If a solution stands over night the 
pH falls to 5.5, Aqueous solutions are 
germicidal. Heat, light, and air cause the 
pure drug and its aqueous solutions to 
deteriorate. The usual products of de- 
composition are chloracetic, trichlor- 
ethyl, oxyacelic, and formic acids. O.tida- 
tion converts the alcohol to trichloracetic 
acid. Congo red may be used to detect 
deterioration, as in the case of “avertin 
fluid,” since the products are acids. The 
drug is detoxified by the liver, probably 
by conjugation with glucuronic acid. The 
kidney excretes the inactivated product 
which is not hypnotic. Trichlorethanol 
possesses pharmacological properties 
which are in many respects similar to 
tribromethanol. Administration is by rec- 
tum, as is the case ivith tribromethanol. 
Trichlorethanol was not as widely em- 
ployed as tribromethanol. The drug is 
now obsolete, 

Tribromethanol (Avertin) 
Preparation 

Tribromethanol was first synthesized 
by Willstatter in 1923. For a number of 
years it was the most important halo- 
genated alcohol in current use. It was 
introduced as an anesthetic drug for 
surgery by Duisberg in 1926. In Europe 
it is also knowm as cthobrom. The drug 
is obtained indirectly by reducing tribro- 
macetaldehyde wth the aid of aluminum 
elhoxide in absolute alcohol in an atmos- 
phere of nitrogen. It cannot be prepared 
by direct halogenation of ethyl alcohol. 
Tlie reaction product is (hen treated 
with aqueous sulphuric acid and the 
drug separated. Tlie reaction is expressed 
by the following equation: 
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Br O Br H 

I / 2H 11 
Br—C-^C— H -1- — » Br— O-C~0H. 

1 1 J 

Br Br H 

Properties 

Tribromethanol is a white ciystalline 
substance possessing an ethereal odor. 
The solid melts at 79® to 80°C. with de- 
composition. Decomposition begins at 
70°C- and proceeds slowly since the 
compound is not heat stable even below 
the melting point. The liquid boils at 
92® to 93®C. at a reduced pressure (10 
mm. Hg). 

Solubility 

Tribromethanol is only moderately 
soluble in water. One part dissolves in 
40 parts of water at 40*C. The substance 
is readily soluble in alcohol, ether, ben- 
zene, am)*lene hydrate and other organic 
solvents. The property of being highly 
soluble in amylene hydrate (tertiary 
amyl alcohol) is utilized for storage and 
shipment of the drug for clinical use. A 
solution of tribromethanol dissolved in 
amylene hydrate is marketed as “avertin 
fluid.” Avertin fluid is usually piepaied 
so tliat 1 gram of crj'stals is dissolved 
in K gram of amylene hydrate. This mix- 
ture results in 1 ml. of solution. There- 
fore, 1 ml. is the equivalent of 1 gram of 
the drug. In this form the drug is easily 
dispensed and stored. 

Aqueous solutions of 2}t% to 0% strength 
at 37®C. are used for administration by 
rectum for basal narcosis. Avertin fluid 
sinks in water since its specific gravity is 
1.4, Pure amylene hydrate floats on 
water. Complete solution of the com- 
bination is necessary for satisfactory re- 
sults. It can only be obtained by thor- 
ooghJy sljaking the mLiture. TJje drug 
dissolves slowly, particularly in cold 
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water. Solutions of avertin fluid should of 5 or above (sodium salt). Decomposi* 
be freshly prepared since they ate not tion of tribromethanol produces hydro- 
stable and decompose upon standing, bromic acid which causes Congo red to 
Dibromvinyl alcohol, tribromacelalde- change to a purple color from its usual 
hyde, and hydrobromic acid form when pink. The test solution may be placed in 

tribromethanol deteriorates: 

Br H 

I 1 

CBr,CH,on~»Br— C=C— on -f HBr 
Br O 

CBrr-CIhOn+Oi-.^Bi— C— C^II -I- IhO. 


These aldehydes and acids irritate 
tissues and cause proctitis and even 
sloughing of the mucosa of the rectum. 
The rate of decomposition increases as 
the temperature rises. Thus, at 42'’C., the 
decomposition in aqueous solutions is 
SOS of that at 70®C. over the same time 
interval. Distilled water must always be 
used in preparation of solutions of Iri* 
chlorethanol or avertin. Traces of alkalies 
may cause decomposition of the com- 
pound. The use of tap water is not ad- 
vised, particularly in localities where the 
water is hard. Hardness may be due to 
alkaline substances, such as blcarbon- 
ates, which may cause deterioration. 
Ultra-violet light causes rapid decom- 
position of aqueous solutions of tri* 
bromethanol, also. Solutions should be 
used immediately after preparation and 
discarded if they stand any length of 
time. Solutions should be tested rou- 
tinely immediately after preparation for 
the presence of acid. 

Detection of Impuiuties 
Tlie simplest clinical test consists of 
adding a drop of 0.01% Congo red (so- 
dium salt) dissolved in water. The dye 
possesses a purple color below a pH of 
3 (acid form) and a pink color at a pH 


I 

Br 

a test tube, compared with pure water 
and an equal amount of indicator. Ob- 
jection has been raised to the low pH 
range In wliich Congo red changes color, 
To obviate this,, indicators with a higher 
range have been suggested. Bromctesol 
purple, wliich changes color in the pH 
range from 5 to 6.8, has been used by 
some clinicians because of greater sen- 
sitivity. A “universal” indicator, which is 
a mixture of a number of indicators, pos- 
sesses different colors at different parts 
of the pH scale. The British anesthetists 
have used this indicator because it con- 
veys a more exact idea of the pH of the 
solution. One must remember in using 
these more sensitive indicators that 
“pure” distilled water is not neutral but 
usually has a pH of 6.4 to 6.8 due to the 
carbonic acid from dissolved carbon di- 
oxide from the air. One must also re- 
member these tests merely express the 
hydrogen ion concentrations of the solu- 
tion and do not detect any particular im- 
purity. Decomposition in solutions with 
contaminated alkali might easily pass un- 
noticed since the hydrobromic acid 
would be neutralized by the alkali and 
the indicator would not change color. 
One can see, therefore, the necessity of 
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using pure water, clean vessels, and care- 
fully controlling the temperature. 

Assay for Purity 

Tests which are specific can be applied 
to detect decomposition but are too com- 
plicated to be employed clinically. Sil- 
ver nitrate acidified with concentrated 
nitric acid (1 ml.) may be added to 5 ml. 
of 3% tribrometlianol solution to detect 
free hydrobromic acid or other uncom- 
bined halides. A yellow precipitate 
forms. Pure solutions of tribromethanol 
do not respond to this test. Aldehydes 
(dibromacetaldehyde) may be detected 
by adding 1 ml. of IG% phenyl hydrazine 
acetate to 5 cc. of the solution. Sulphates 
may be detected according to the usual 
methods (see tests). Amylene hydrate 
does not interfere with the Congo red or 
other tests. 

Distribution in Tissues 
Tribromethanol is absorbed rapidly 
from the colon and small bowel. The 
absorption from the small intestine is 
more rapid than from the large, but little 
if any of the solution passes the ileocecal 
valve following rectal administration. 
The narcotic effect depends more upon 
the rapidity of absorption rather than 
upon the final quantity absorbed. The 
rate of absorption varies, but usually ap- 
proximately 50% of a 3% solution, reclally 
administered, is absorbed within the first 
ten minutes; 95% \vithin 25 minutes. The 
maximum blood concentration required 
for narcosis in man ranges from 6 mgm. 
to 9 mgm. per 100 ml. of blood. Con- 
sciousness is regained when the blood 
level falls to 2 mgm. to 3 mgm. per 100 
ml. Twenty minutes after ingestion of 
the drug, the brain concentration is 
double the blood concentration. Tlie 
drug disappears slowly from lipoid tis- 
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sue. Brain contains 7 mgm. per 100 gm. 
of tissue (rabbit) even when the animal 
is conscious and none can be detected in 
the blood. 

Detoxification 

Tribromethanol is detoxified by the 
liver by conjugation with glucuronic 
acid. In perfusion experiments, the blood 
concentration can be reduced from 130 
mgm. per 100 ml. to 6 mgm. in 30 min- 
utes. The conjugated product is believed 
to be similar to that formed between 
chloral and glucuronic acid, but its exact 
structure has not been definitely estab- 
lished. The rate of detoxification in the 
intact animal varies. Evidence exists that 
most of the drug is eliminated within 
four hours. Traces may appear in the 
urine for as long as 48 hours. The drug 
is non-volatile so that excretion through 
the lungs does not occur. Bromine-con- 
taining substances have been detected in 
perspiration following tribromethanol 
administration suggesting that there is 
some excretion through sJdn. 

ISOPRAL 

Isopral, or trichloroisopropyl alcohol, 
possesses hypnotic properties, but is h’ttle 
employed in therapeutics. The substance 
is a while crystalline substance with a 
pungent taste and camphor-like odor 
which melts at 50°C and boils at 161“ to 
162“C. One part is soluble in 35 parts of 
water. It sublimes at ordinary tempera- 
tures, It is obsolete and not presently 
used. 

Chlorobutanol 

PimPARATION 

Chlorobutanol or cbloretone is an im- 
portant tertiary halogenated alcohol. 
Other names for it are methaform, 
cblorobulol, and acetone-cliloroform. 
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hyde is less stable than the hydrate and 
polymerizes more freely. 

If chloral and chloral hydrate are 
heated with sodium, potassium and otlicr 
hydroxides, chloroform and an organic 
salt form. If sodium hydroxide is used, 
sodium formate and chloroform result; if 
calcium hydroxide is used, calcium ace- 
tate and chloroform result. It was once 
thought that the hypnotic effect of 
chloral svas due to the decomposition of 
chloral to chloroform in the tissues. No 
evidence exists to support this conten- 
tion. Chloral forms during the metabo- 
lism of trichlorethylene. Chloral is re- 
duced to trichlorethanol, a powerful 
hypnotic, by treatment with hydrogen 
and a catalyst. The reduction is usually 
accomplished by the use of aluminum 
etlio.xide in alcohol. Chloral and chloral 
hydrate are oxidized by nitric acid to 
trichloracetic acid. This acid is irritating 


CCljCHO + KlU 


on 

■+CCI3— c^Nir,. 


Chloral ammonia is an addition product 
which, like chloral, possesses hypnotic 
properties. Chloral ammonia, when 
heated over a water bath, loses one mole- 
cule of water to form cJiloralimide or 
trichlorethylidene amide: 

H 

CClr-(!^NH, 

Reduction of chloral by ammoniacal sil- 
ver solutions is similar to that of other 
aldehyde derivatives. A precipitate of sil- 
ver results. Chloral may react Avith ure- 
thane to form chloral urethane wliich is 
often called uralitm, ural, or uraline. 
Chloral also reacts with other amides, 
such as formamide, to form chloral form- 
amide: 


o on O 

OCIiCnO + II-I— NH,-.CCIr-O^N— o4l. 


to tissues and possesses no value as a Halogenaled aldehydes interact with 
hypnotic drug. alcohols to form acetals in the same man- 

ner as do the non-lialogenated aldehydes. 
C0NDE.NSAT10N PnODuers Ethyl alcohol forms the alcoholate which 

The aldehyde group of chloral reacts, is represented by the following structure: 

O-CjHi 

ocijCno + 2C,ii,on -»cci.— c:^o-c>n. + h.o. 

I 

H 


as do other aldehydes, to fonn aldehyde Chloral alcoholate. is less potent than 
ammonia, hydrazines, and oximes. If chloral itself. Conjugation of chloral with 
ammonia is passed into a clilorofoim amylene hydrate results in Dormiol, The 
solution of chloral, chloral ammonia compound has been conjugated with 
forms: mephanesin (Tolserol) to form chloral- 
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mephanesin. Chloral also forms con- 
[ugates with pentoses and hexoses. Con- 
fugation \vitli arabinose gives rise to arab- 
inose-chloralose and conjugation \vith 
erythritol gives rise to penta-enjthritol- 
chloral or petrichloral. TTiis compound is 
a hypnotic and sedative with pharma- 
cological properties similar to chloral. 
The proprietary name is Perichlor. Glu- 
cose reacts with chloral to form gluco- 
chloral or chJoralose. Choralose is an im- 
portant hypnotic used for anesthesia in 
faboratory animals and is described sub- 
sequently. If chloral is mixed with an 
equivalent amount of camphor, chloral- 
camphor forms. Chloral may also be con- 
densed with antipyrine and wtii phenol 
to form compounds which are used for 
topical anesthesia. 

Chloral, chloral hydrate, and all the 
forementioned products derived by con- 
densation or mixing chloral with other 
substances are solids or liquids with high 
boiling points. None is sufficiently vola- 
tile to be of any value as an inhalation 
anesthetic agent. 

Detoxification 

Chloral hydrate, as well as chloral, is 
rapidly detoxified in the body. Although 
traces are eliminated unchanged in tlie 
urine, the greater portion of an ingested 
therapeutic dose of the drug is elimi- 
nated as urochloralic acid. The latter 
compound is believed to be a glucoside 
resulting from conjugation of chloral 
with glucuronic acid by the liver. The 
exact structure of urochloralic acid has 
not been definitely established. The acid 
may be recovered from urine as white, 
silky, colorless needles which melt at 
142°C. The crj’stals are soluble in water, 
alcohol, and other organic solvents. Solu- 
tions of urochloralic acid reduce alkaline 
copper solutions used to lest for urinary 
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glucose. In cases of coma, from over- 
dosage of the drug, a positive response 
to reduction tests may be misinterpreted 
and the reducing substance may be mis- 
taken for glucose. 

IbENTlFICATION 

Chloral responds to the usual tests for 
aldehydes. A few drops of a saturated 
solution of phloroglucinol and 1 ml. of 
a 20% sodium carbonate solution produce 
a brick red color if chloral is present. 
Inasmuch as alkalies convert chloral to 
chloroform and formates, tests for chloro- 
form requiring alkaline solutions may be 
positive If chloral is present. Nessler’s 
reagent produces a precipitate with 
chloral which is not obtained with chloro- 
form. 

Toxicological specimens suspected of 
containing chloral or its derivatives must 
be analyzed promptly; otherwise decom- 
position to chloroform may occur and a 
negative response may be obtained. 

Chloral-urethane 

This substance is often referred to as 
uralium, oral, or uraline. It possesses 
analgesic properties. It is obtained by the 
interaction of chloral and urethane in the 
presence of hydrochloric acid. It is a 
wlute, crystalline powder which melts at 

Ios'ka 

Chloralose 

PREPAIUTIO.V 

Chloralose is an important substance. 
Widely employed for anesthesia in animal 
experiments in laboratories. Chloralose 
Or glucochloral, as it is also called, is a 
condensation product of chloral and glu- 
cose. The drug is prepared by heating 
equal parts of anhydrous glucose and 
anhydrous chloral on a u-ater bath. 
Chloralose possesses two isomers, a 
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chloralose and 3 chloralose. The a chlo- 
ralose is the isomer which is used for hyp- 
nosis and anesthesia. Both the a and 6 
derivatives form during the reaction. The 
formation of one or the other can be in- 
fluenced by temperature and hydrogen 
ion concentration. Bela chloralose is also 
knoum as parachloralose. Bela chloralose 
possesses no narcotic properties and may 
cause convulsions. 

PBOPEIITXES 

Alpha chloralose is a white ctystalUnc 
substance with a disagreeable, bitter 
taste. It melts at ISS^C. Beta chloralose 
melts at 210“C. One part of « chloralose 
is soluble in 175 parts of cold water. The 
substance is very soluble in alcohol, 
ether, and other organic substances. Both 
tlie a and 6 forms possess the empirical 
formula (CsHwOo.CChCHO) and molec- 
ular weight of 309.46, Chloraloses were 
first described by Hefter in 1899. 

BnoitfAL 

Bromal, or tribromacetaldehyde, is 
made by passing bromine vapor into 
cold absolute alcohol. Tlie reaction is 
similar to that which occurs when chloral 
farms from chlotme and alcohol, Bromal, 


like chloral, is an oily liquid which forms 
bromal hydrate when mixed with water. 
Bromal hydrate, like chloral hydrate, is 
a solid substance. Bromal boils at 174°C. 
and easily decomposes. Bromal hydrate 
melts at from 53° to 54°C. The drug is 
very soluble in water, alcohols, chloro- 
form, and other organic solvents. It is 
more toxic, less potent, and less stable 
than chloral hydrate. 

Mixtures of Halogenated Derivatives 
Various mixtures of halogenated hy- 
drocarbons have been used for inhalation 
anesthesia, particularly in Europe. Sucli 
mixtures are now obsolete and seldom 
used. Among the most prominent were: 


Anesthdl Parts (%) 

Ethyl cliloride 

17 

Chloroform 

35 

Ethyl ether 

47 

Somnoform 

Methyl chloride 

60 

Ethyl bromide 

5 

Ethyl chloride 

35 

Alkaform (A C.E. mixture) 

Alcohol 

16 

Chloroform 

34 


50 



CHAPTER 16 


Introduction to Non-aliphatic Compounds 


AROMATIC, HETEROCYCLIC AND NITROGEN 
CONTAINING COMPOUNDS 


CHEMICAL CLASSIFICATION 
VERSUS PHARMACOLOGIC 


T he grouping of central nervous 
system depressants into chemical 
types does not coincide with groupings 
arranged according to pharmacologic 
actions. Classification of depressants as 
aliphatic, non-aliphatic, cyclic, hetero- 
cyclic and so on results in some degree 
of overlapping between chemical char- 
acteristics and pharmacological activity. 
The often made division of central de- 
pressants into volatile and non-volatile 
drugs has some merit from a pharmaco- 
logic standpoint but ignores chemical 
classification entirely. The volatile anes- 
thetics are “complete” anesthetics and 
abolish reflex activity in therapeutic dos- 
ages, Non-volatile drugs as a rule are 
hypnotic and partially analgesic and are 
not completely anesthetic in usual doses. 
Some liquids, notably the alcohols and 
aldehydes, are volatile but are included 
among the non-volalile drugs because 
they behave pharmacologically like non- 
volatile compounds. The emphasis in this 
text is on the chemical nature of these 
drugs. Therefore, the chemical group- 
ing is the one which is used for classifi- 
cation. 

ALIPHATIC ^^RSUS NON- 
ALIPHATIC COMPOUNDS 
TJie discussion in previous chapters 
has dealt largely with aliphatic and to a 


lesser extent with ah’cyclic compounds. 
The hydrocarbons, alcohols, aldehydes, 
ethers, esters and their halogenated coun- 
terparts have been discussed among 
these. Thus, compounds consisting of 
carbon chains with hydrogen, oxygen 
and the halogens have been considered. 
The ensuing discussion deals with cyclic 
compounds of the aromatic and hetero- 
cyclic type, with drugs containing 
nitrogen and with compounds containing 
sulphur and other elements. The benzene 
ring, unimportant in inhalation anesthet- 
ics,assuines an important role in the com- 
pounds to be discussed. Nitrogen, which 
has not appeared in compounds dis- 
cussed heretofore, becomes prominent 
either as part of the ring or in the side 
chains. Sulphur, likewise, appears in the 
ring or in the side chain of some of the 
compounds to be discussed. 

Most hypnotics, all narcotics, the nar- 
cotic antagonists, the analeptics, the au- 
tonomic drugs, the local anesthetics and 
the neuromuscular blocking agents are 
non-aliphatic derivatives. The molecular 
structures of tliese compounds are usu- 
ally more complex than tliose of the com- 
paratively simple and low molecular 
weight aliphatic substances. Many of 
the non-aliphalic drugs are obtained 
from plant or animal sources. The ma- 
jority, however, are prepared syntheti- 
cally. Many of the s_j77lhetic substances 
have chemical stnictures, except for mi- 
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nor variations, similar to naturally oc- Some of these are less toxic or have a 
curring compounds. However, minor more intense anesthetic action. Minor 
variations often enhance or attenuate de- changes in chemical structure frequently 
sired physiological effects or cause in- convert compounds which are physio- 
creases or decreases in toxicity. For ex* logically active to compounds which are 
ample, local anesthetics have been syn- inactive or toxic, 
thesized similar in structure to cocaine. 


THE ROLE OF NITROGEN IN 
AMINES 

Nitrogen appears in most compounds 
related to anesthesia as an amino group 
(valence 3) or as a quaternary ammo- 
nium group (valence 5). In both cases 
the nitrogen confers basic properties to 
the compound. Nitrogen also appears in 
compounds which are not basic, as in 
the pyrimidine ring of the barbiturates, 
in the purines, in the ureas and the car- 
bamates. These derivatives are described 
in subsequent chapters. The amines may 
be considered as ammonia with one or 
more hydrogen atoms replaced by an 
organic radical. The radical may be de- 
rived from aliphatic, alicyclic, aromatic, 
or heterocyclic structures. Replacement 
of one hydrogen of ammonia by a radi- 
cal results in a primary amine, replace- 
ment of two in a secondary amine and of 
three in a tertiary amine; 

H— N— n Rt—N— II 


NON-ALIPHATIC COMPOUNDS 
heterocyclic ring structure. If it is part 
of a heterocyclic structure it gives rise 
to compounds which are secondary or 
tertiary amines, depending upon whether 
or not a hydrogen atom or an organic 
radical occupies tl\e third valence of the 
nitrogen. If the valence is satisfied by a 
hydrogen atom a secondary amine forms; 
if by an organic radical the compound is 
a tertiary amine: 

When an amino group replaces a hy- 
drogen atom attached to a carbon in an 
aliphatic compound an aliphatic amine 
forms, when it replaces a hydrogen atom 
of a benzene ring an arotnatic amine 
forms, when it is placed on a heterocyclic 
structure a heterocijcUc amine forms. 
These amines likewise are all basic. 

The amino group may also replace a 
hydro'q'l group of the carbo.xyl radical 
of carboxylic acid to form an amide: 


R,— N— Rs 

I 

H 


R— C— OH 

II 

O 


R—C— NH, 


O 


All three types of amines are basic. Terti- 
ary amines are usually more basic than 
secondary or primary. The amino group 
also confers hydrophilic properties to a 
molecule. In other words, it tends to 
make a compound water soluble. Tire 
amino nitrogen may appear as a side 
chain or it may be an integral part of a 


Many substituted amides are known 
some of which are hypnotic. Tliese are 
described in subsequent chapters. Nitro- 
gen in the amines is trivalent. Amines, 
like ammonia, form salts with acids: 

Nil, -f-HCl^NTT4CI 
RNH,-|-HCl-»RNn,Cl 
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QUATERNARY BASES 
The nitrogen may also be pentavalent 
in which case the compounds are re- 
ferred to as quaternary bases. These are 
actually ammonium hydroxide in whidi 
tlie liydrogen atoms have been replaced 
by organic radicals. Quaternary bases 
axe discussed in Chapter Amines form 
important groupings in narcotics, local 
anesthetics, sympathomimetic and an- 
ticholinergic compounds. Quaternary 
bases are important in the structural 
configuration of muscle relaxants, gangli- 
onic blocking agents, and cliolinergic 
compounds. 

THE ALKALOIDS AND 
VEGETABLE BASES 

The word “alkaloid” means resembling 
alkalies or alkali-Iike. The term was once 
used in a general sense to include all 
nitrogen containing compounds of plant 
origin. These substances were also re- 
ferred to, incorrectly, as vegetable bases. 
The term vegetable bases is reserved 
principally for the open-chain class of 
amines and quaternary bases derived 
from plant sources. Compounds of the 
choline type are vegetable bases. 

Studies of the structures of alkaloids 
lead to their synthesis or to synthesis of 
compounds of similar molecular configu- 
ration and pharmacologic behavior. As a 
result, alkaloids have become less im- 
portant in therapeutics. Numerous com- 
pounds are now available Avhich are simi- 
lar structurally and pharmacologically to 
naturally occurring alkaloids. Many alka- 
loids are now being synthesized and are 
no longer obtained from natural sources. 
Most of the ephcdrine used today, for 
example, is prepared s^mthelically in- 
stead of being obtained from its natural 
source, Ma Huang. 


Aucaline Properties of Alkaloids 
Alkaloids form salts with acids since 
they are basic in nature by virtue of their 
amino and quaternary nitrogen atoms. 
The nitrogen atoms, particularly in tlie 
heterocyclic compounds, most often are 
present in the form of tertiary amines. 
In some heterocyclic structures the nitro- 
gen atom in the ring may be linked by 
a double bond to one adjacent carbon 
atom and by a single bond with the other 
adjacent carbon atom. Such a compound 
behaves as a tertiary amine: 

I 

— O— 


Complex Nature of Alkaloids 
The simplest alkaloids contain hydro- 
gen and carbon and nitrogen. Practically 
all alkaloids contain oxygen in addition 
to carbon, hydrogen and nitrogen. Nico- 
tine is an exception. Oxygen and sulphur 
may also be present in the rings, but are 
not commonly found there. As a rule, the 
molecules of alkaloids are large and com- 
ple.x with numerous heterocyclic struc- 
tures. The heterocyclic group is often 
combined with aromatic groups, as is 
the case with morphine, papaverine, qui- 
nine and so on. Although numerous 
heterocyclic structures Jiave been identi- 
fied in alkaloids those most frequently 
encountered are derived from pyridine 
and yiiinolinc. Pyridine may be con- 
sidered as a benzene ring with one car- 
bon atom replaced by one nitrogen atom, 



The pyridine ring gives rise to many of 
the simpler alkaloids. Two benzene rings 
join together to form naphthalene. 
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an aromatic hydrocarbon. When a pyri- 
dine ring is fused with a benzene ring 
quinoline forms. Quinoline is an im- 
portant heterocyclic structure, 



A number of local anesthetic drugs, qui- 
nine and papaverine are derived from 
quinoline. Pyridine is not fully saturated. 
Wl^en pyridine is fully hydrogenated 
piperidine forms which is represented as 
follows: 



V 

I 


Piperidine is the essential ring structure 
about which the synthetic narcotics, such 
as meperidine (Demerol) are formed. 
The five-memhered ring containing one 
nitrogen and four carbon atoms is known 
as pyrrole, 

H— C C— H 

IUk- 

v 


In this structure, the nitrogen carries a 
hydrogen atom. All its valences, there- 
fore, are satisfied. The compound, there- 
fore, is a secondary amine and responds 
to all tests for such an amine. The nitro- 
gen atom of pyridine has a valence of 
three, one of which is satisfied by a single 
carbon atom and the other two by a 
double bond shared by an adjoining car- 


bon atom. The compound is similar to 
and behaves like a tertiary amine. 

The pyrrole ring may be fused with a 
benzene ring to form indole, a substance 
important in biology. Cyclic structures 
containing more than one nitrogen atom, 
such as pyrazole, are known. Frequently, 
in alkaloids, two or more rings are fused 
in such a manner that nitrogen is com- 
mon to both rings. Eegonine, the alco- 
holic portion of the cocaine molecule, is 
a heterocyclic structure resulting from 
the fusion of a five-membeted pynole 
ring with a slv-membered pyridine ring. 
The nitrogen atom is common to both 
cyclic structures. Similar configurations 
are present in atropine and scopolamine. 
Tliese Structures and other heterocyclic 
structures will be presented as the dis- 
cussion of the individual alkaloids is un- 
folded in the ensuing chapters. 

Effect of Sn>E Chains on REAcnvrrv 
or AucAEoms 

Side chains of different types may be 
attached to individual carbon or nitro- 
gen atoms of the molecule of the alka- 
loid. These side cliains may be reactive 
groups, such as the hydrox)'!, carbo^l, 
aldehyde, ketone and so on. Tliese 
groups impart reactions characteristic 
of their group to tlie compound. The 
amino group may be substituted and 
add additional nitrogen and, there- 
fore, additional basicity to the com- 
pound. Alkaloids containing such groups 
may undergo oxidation, acetylation, hy- 
drolysis, halogenation, reduction and 
various other reactions. Alkaloids, there- 
fore, can be classed as aldehydes, alco- 
liols, acids, ethers, esters, and other types, 
depending upon the groups present. Mor- 
phine. for e.xample, contains two hy- 
droxyl groups, one of which is a phenolic 
hydroxyl. It, therefore, behaves as a^ 
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phenol. The other hydroxyl group is an 
alicyclic one and, therefore, confers 
properties of a secondary alcohol to mor- 
phine. Aforphine also contains a tertiary 
amino nitrogen and an ether linkage. It 
may, therefore, be an amine, a phenol, 
an ether and a secondary alcohol. 

Role of Alkaloids in Plants 

A given plant source yields, as a rule, 
several alkaloids. Opium, for example, 
yields several dozen. It is unusual to find 
only one alkaloid in a given plant source. 
Alkaloids in a given plant are usually re- 
lated both chemically and pharmacologi- 
cally. Codeine and morphine, for ex- 
ample, are chemically and pharmacologi- 
cally related. The purposes of alkaloids 
in plants are not Imo^vn. Any thoughts 
which have been expressed are merely 
speculative. Possibly they are toxic sub- 
stances intended to protect the plant 
from animals who would eat them. Pos- 
sibly they are waste products or they 
may be chemical messengers whose role 
in the plant is similar to that of hormones 
in the animal body. 

In a strict sense a drug is not an alka- 
loid unless it is derived from a plant. 
Many compounds are knoivn ^vhich pos- 
sess molecular configuration and reactiv- 
ity similar to alkaloids. Synthetic com- 
pounds similar to alkaloids are referred 
to as alkaloids. However, they cannot be 
rightfully classed as alkaloids. The term 
therefore is now generally misused. As 
time passes alkaloids will Ijave less and 
less importance in the field of therapeu- 
tics, since they will be synthetic for the 
most part. 

Most alkaloids manifest high degrees 
of physiological activity or toxicity in 
doses wliich are relatively minute com- 
pared to the therapeutic doses of ali- 
phatic anesthetics. The majority are 


highly poisonous when given in excess. 

ClIEXIICAL AND PHYSICAL PROPERTIES 
Allmloids possess certain distinctive 
chemical and physical properties. Most 
alkaloids are bitter, colorless, white 
solids. An alkaloid exists in two forms— 
as a free or basic form or as a salt of a 
mineral or organic acid. Aqueous solu- 
tions of the free alkaloid are alkaline. 
The pH varies with the nature of the 
compound. The salts, particularly tliose 
formed from strong acids, have an acid 
reaction since they are formed from a 
weak base and a strong acid. In the for- 
mation of the salt with certain acids the 
hydrogen of the acid is incorporated into 
the compound. The reaction is not a 
neutralization in the strict sense of the 
word, particularly in the absence of 
water. 

RNHs + HCI -» RIsH-HCl. 

The salt formation of alkaloids, since 
they are amines, is similar to the union 
of ammonia with an acid to form am- 
monium salts. When hydrochloric acid 
is used to form the salts the resulting 


compounds are referred to 
chlorides. 

as hydro- 

NH,+HCl 

NH4-HC1 

(NH 4 CI) 

RXHj -f HCI 

RNHs -HCI 

(RNIhCI) 

RiNH -y HCI 

RsNH-HCl 

(RjNHiCl) 

RiN -y HCI 

R,N-HC1 

CRjNIia) 


Alkaloids are found as the salts of or- 
ganic acids which are normally present 
in their respective plant sources. Among 
the more common acids in plants which 
form naturally occurring salts are malic, 
lactic, citric, sulphuric, benzoic and 
acetic. The extracted alkaloids are puri- 
fied and converted to and dispensed as 
salts of mineral acids such as hydro- 
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chloric, sulphuric, liydrobromic and so 
on. Organic acids are sometimes used 
when tlie salts of mineral acids are in- 
soluble or unstable. Tlie free alkaloid is 
less soluble in water tlian the salt. Tlje 
free base is precipitated from aqueous 
solutions of salts by the hydroxides of 
potassium, sodium, or barium. In some 
cases weak bases, such as ammonium liy- 
dro.xide, or alkaline metal carbonates 
and bicarbonates liberate the free base 
also. Free bases are usually oily liquids 
or white solids. As is the case witli most 
amines, they possess varying degrees of 
volatility. The precipitated free bases re- 
dissolve and form salts when acids are 
added. The free bases are soluble in or- 
ganic solvents— ether, benzene, chloro- 
form, acetone and so on. Salts are gen- 
erally less soluble or insoluble In these 
substances. As a rule, tlie free base is less 
stable than the salt. Some alkaloids de- 
compose when exposed to light or beat. 
Amines, ammonia, hydrocarbons, and 
other degradation products form as by- 
products of such decomposition. 

Optical Activity or Alkaloids 
Most alkaloids have one or more asym- 
metric carbon atoms and are, therefore, 
opficoliy ocfiue (Chaps. 9, 25). This 
physical property is directly associated 
witli physiological activity. Naturally oc- 
curring alkaloids are usually levorota- 
tory. Dextrorotatory alkaloids are less 
common than levo. D-turbocurarine is a 
notable example of a dextrorotatory com- 
pound. Certain dextrorotatory com- 
pounds have no physiological activity. 
Dextro tropine tropate, which is a con- 
stituent of atropine, is physiologically in- 
active. 

Identification or Alkaloids 
The identification of alkaloids is im- 
portant particularly in toxicology. Alka- 


TABLE 1.16 


Hame Compoiilion 

Mayer's Reagent Potassium Mercuric Io- 

dide 

DnigendorfT’g Reagent. Potassium Dismuthlo- 
didc 

Hager’s Reagent ... . Piric Acid 

Wagner’s Reagent. Potassium Iodide and 
Iodine 

Marme's Reagent . Potassium Cadmium Io- 
dide 

Sehcibler's Reagent PhosphotungaticAcid 

gonncnscLein's Reagent Phosphomolybdic Acid 
Platinum Chloride 
Potassium Dichromatc 
SiLcotungstic Acid 
Mercuric Chloride 
Gold Chloride 


loids are identified by Ibeir melting or 
boiling points, solubility in various re- 
agents, optical activity precipitating re- 
actions, and color tests, together with 
reactions and tests for specific groups or 
side chains. Mineral acids, such as nitric, 
sulphuric, or hydrochloric, either alone 
or in combination with oxidizing agents, 
convert alkaloids to colored compounds. 
Tlie structure of many of these colored 
compounds is unknosvn because they re- 
sult from deliydration, reduction, oxida- 
tion and other changes in the molecule 
of the alkaloid. Certain mixtures, such as 
tungstic acid, picric acid, iodine, mer- 
curic salts, and molybdic add, known as 
alkaloidal reagents (Table Ivl6) form in- 
soluble salts with alkaloids. The precipi- 
tates which appear may form the basis 
for identification since many are colored 
or have a distinctive crystalline struc- 
ture. The color is often specific for a par- 
ticular alkaloid. Many synthetic sub- 
stances have molecular configurations 
similar to alkaloids. Tliey, therefore, re- 
act in the same manner as the alkaloids 
do when mixed with these reagents. 
Tliese synthetics possess many chemical 
and physical properties of alkaloids. Lo- 
cal anesthetics, for example, respond to 
these tests in the same manner as do the 
alkaloids. 



CHAPTER 17 


Sulphut-containing Substances; Thioderivatives 
and Sulphonemethanes 


SIMILARITIES BETNVEEN OXYGEN 
AND SULPHUR 

S INCE SULPHUR is the element below 
oxygen in the periodic table its role 
in organic chemistry is similar to that of 
oxygen. A series of dicovalent com- 
pounds may be formed from sulphur 
which are analogous to organic oxygen 
containing compounds. Thus, com- 
pounds containing ox>'gen may have thio 
counterparts in which an atom of sul- 
phur replaces an atom of oxygen. The 
prefix ihio indicates the presence of sul- 
phur in an organic compound combined 
in this fashion. In addition to the oxy'gen 
analogues a number of types of tri and 
tetra covalent sulphur compounds exist 
for which there are no oxygen analogues. 

THIO COMPOUNDS OF THE 
ALIPHATIC TYPE 

The oxygen atom of the hydroxyl 
group may be replaced by sulphur to 
form the SH or sulphydrtjl group wJiich 
gives rise to thioalcohols, or mercaptans. 
The thioaliphatic alcohols are often 
called aJkanthioh. The ethyl thioalcohol 
(CjHsSH) is ethyl mercaptan or etban- 
thiol. Primarj', secondary, and tertiary 
thioalcohols or mercaptans are possible 
as is the case \rith oxygen analogues. The 
o.i:)’gen of the aldehyde group may be 
replaced in a similar manner with sul- 
phur to form thioaldehydes. Likewise, 


thioketones 

R—C—R 

\ 

and thioethers (R — S — R), form. Thio- 
carboxylic acids may also be formed. 
These are of three types: those in which 
the oxygen of the hydroxyl group is sub- 
stituted b)’ sulphur (thiolic), 

O 

R— C^Sh' 

those in which the hydroxyl remains in- 
tact but the o:cygen of the carbonyl is 
replaced by sulphur (thionic), 

B 

R—C^H; 

and those in which all the o.tygea atoms 
are replaced by sulphur {thionothiolic), 
S 

R— C^H. 

Numerous otlier replacements occur, as 
in urea, cyanates, and amides. These are 
unimportant in this discussion except 
thiourea which is used in the condensa- 
tion wth malonic acid to form thiobar- 
biturates. 

CYCUC STRUCTURES CONTAINING 
SULPHUR 

Any atom capable of covalent bonding 
may appear in a cyclic structure. Sul- 
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pliur, therefore, may also appear as one 
or more atoms of a heterocyclic struc- 
ture. The five membered ring thiophene, 
in which sulphur is joined with four car- 
bons, is one of tlie simplest sulphur-con- 
taining heterocyclic structures. The thio- 
malonyl urea (see Chap. 19) is a more 
complex heterocyclic structure. Sulphur 
may also appear in a ring with airother 
element besides carbon, as for example 
nitrogen. The thiazane structure from 
which Dolitrone is derived lias four car- 
bon atoms, a sulphur and a nitrogen 
atom. The phenothiazine structure 

N 


ax) 


containing a sulphur and nitrogen atom 
gives rise to a series of specific central 
depressants used as tranquilizers. A thio* 
pUanium derivative (Arfonad) contains 
an atom of sulphur in a four carbon 
ring. 

INORGANIC SULPHUR COMPOUNDS 
Sulphur forms an hexafluoride which 
is a stable, inert compound having a po- 
tency less than nitrous oxide in com- 
parable concentrations when inhaled. 
The oxides of sulpliur and the hydride 
form important acids but neither are im- 
portant as far as anesthesia is concerned. 
Organic derivatives of these acids are de- 
scribed in the next paragraph. 

DERIVATIVES OF SULPHURIC 
AND SULPHUROUS ACID 
Besides the tliio compounds, certain 
organic compounds are derived from 
sulphur-containing acids. Sulphur forms 
ten oxides which are anhydrides of sul- 
phur acids. Suphur dioxide (SO*) com- 


bines witli water to form HsSOj, or sul- 
phurous acid. Sulphur trioxide combines 
witli water to form sulphuric acid, 
IhSOi. Sulphur also forms a hydride 
(II*S) which in aqueous solution also is 
an acid. Sulphurous acid and liydrogen 
sulphide are volatile weak acids ^vhicll 
are poorly ionized. Sulphuric acid is a 
strong liighly ionized acid. A molecule of 
sulphuric acid is composed of one sul- 
phur atom, two hydroxyl groups and two 
oxygen atoms, structurally represented as 
follows: 

0 


O-J- 


A hydrogen from an organic compound, 
as for example a hydrocarbon and a hy- 
droxyl of the acid combine to split out a 
molecule of water. An HSO» group then 
becomes attached to the molecule to 
form an organic, sulphonic acid. Tlie 
second hydro.xyl group may then be re- 
placed to form a sulphone. Sulphonic 
acid and sulphones are important sub- 
stances in medicine. Their formation is 
given at the top of die next page. 

Aromatic sulphonic acid derivatives 
form die basis of numerous chemothera- 
peutic agents, such as sulphanilamide 
and other "sulpha" drugs. The reaction 
for the formation of a sulphone by re- 
placement of the hydrogen atoms of the 
hydrocarbon occurs readily with aro- 
matic hydrocarbons. The attacliment of 
tlie sulphone to methane is a more la- 
borious process and cannot be used for 
the formation of the aliphatic sulphones. 
\Vlien sulphurous acid (HsSOa) is substi- 
tuted for sulphuric, stdphinic compounds 
form. 

In summary then, one may say three 
major groups of organic sulphur com- 




pounds are known: (1) tbio compounds, 
which are the counterpart of oxygen- 
containing radicals and have the oxygen 
replaced by sulphur; (2) compounds de- 
rived from sulphur-containing acids, 
such as sulphones, sulphines, sulphates, 
and sulphites; and (3) heterocyclic com- 
pounds in which sulphur appears as one 
or more of the atom which completes 
the ring. 

SULPHONEMETHANES 
A number of aliphatic series deriva- 
tives, known as the sulplionemethanes, 
possess hypnotic properties. The sul- 
phonemethanes, now obsolete, were once 
used extensively for sedation. Sulphonal, 
trional, and tetronal were the most com- 
mon drugs of this group. The more efiB- 
cient and potent drugs, particularly the 
barbiturates, have superseded them. 
Tliey are little used in clinical medicine 
today. 

Sulphonal is methane in which two 
hydrogen atoms are replaced by a sul- 
phonic acid group. Each hydroxyl of the 
sulphonic acid radical is tlien replaced 
by an ethyl radical to form diethyl sul- 
phone methane: 

CHj SOj — Cjll» 

V 

cn,^ \o.— c,H, 

The remaining hydrogen atoms of the 


methane nucleus are replaced by methyl 
groups. Thus the compound is actually 
a diethyl sulphone dimethyl methane. 
The methylation increases the potency 
of the drug. 

SCLPlfOXAL 

Sulphonal was introduced into thera- 
peutics by Baumann and Kast in 1886. 
It is a white, odorless, and almost taste- 
less powder composed of crystals which 
are only slightly soluble in cold water 
(1 part in 363 at 25*C.), but are very 
soluble in boiling water (1 part in 16), 
and moderately soluble in alcohol, ether, 
and chloroform. It melts at 124* to 
125°C. without decomposition. It is 
volatile with steam. Aqueous solutions 
are neutral to litmus, as one would ex- 
pect from its structure, since the acid 
hydroxyl is replaced by the ethyl group. 
Absorption from the gastrointestinal 
tract is poor due to its poor water solu- 
bility. The drug has cumulative proper- 
ties and remains unchanged in tissues, 
particularly after repeated doses. Strong 
heating decomposes it into carbon, car- 
bon dioxide, water, and sulphur dioxide, 
along with other miscellaneous carbon 
compounds, depending upon the tem- 
perature employed. Sulphonal subb’mes 
at 60*C. Therapeutic doses are detoxi- 
fied in the body. The drug is largely ex- 
creted as ethyl sulphonic acid, although 
it may be eliminated unchanged if the 
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ingested dose is large. Elimination is 
slow, often requiring several days. 

Sulphooal is prepared by condensing 
ethyl mercaptan with acetone to form 
the dithioether of acetone: 


Cjlh SOj— CiHs 

\/ 

C 

Cjllj SOz-CjII, 


CH, I H 

\ : 

C=|0 

/ : 

CH, i II 


-S-CJI, 

~vS-c*n, 


This is oxidized further by potassium 
permanganate to form sulplional. 


CH, SOi--C,H» 

\/ 

C 


TmONAL AND TETnONAl, 

The slow absorption and elimination 
of this compound prompted a search for 
more effective related compounds. 
Trtoual, which is diethyl sulphone ethyl 
methyl methane, has one more ethyl 
group than sulplional. This replaces one 
of the methyl groups on the methane 
nucleus in sulphonal: 

CiH» SOr-C,Ht 

V 

CH.^ SOr-C,H, 

Lite sulphonal it is a while powder 
which melts at 76°C., is bitter and in- 
soluble in water. One part dissolves in 
200°C. and 1 in 30 at 100°C. Trional is 
more easily decomposed in the body 
than sulphonal. The drug is prepared by 
condensing the methyl ethyl ketone 
(acid etliyl mercaptan) and oxidizing the 
resulting mercaptole as in the prepara- 
tion of sulphonal. Tetronal is similar in 
action and properties to sulplional and 
trional but more potent. Two etliyl 
groups are present on the methane nu- 
cleus. 


CII, S-CjH* 

-» C -f 11.0. 

Ctt./' 

Its chemical name is diethyl sulphon 
diethyl methane. Tetronal may be prt 
pared by condensing the diethyl kelon 
with ethyl mercaptan and o.xidizing th 
resulting mercaptole. 

Decomposition of sulphonal occur 
slowly in to.xjcological specimens so th' 
substance may be recovered unchangec 
from tissues post mortem. Tlie drug i: 
easily extracted witli organic solvent 
and the residue is sublimed and identi 
iled by appropriate tests. The meltinj 
point is used as a conBrmatory test foi 
identification. Tlie usual qualitative tests 
are not specific and a positive reaction 
may be given by chemically related sul* 
phur substances. Aliphatic sulphones ii 
heated with iron are converted to mer- 
captan. Sulphonal is converted by ethyl 
mercaptan which can be identified by 
its disagreeable odor. A residue of ferrous 
sulphide remains which may be identi- 
fied by the characteristic odor of hydro- 
gen sulphide Avhen allowed to react with 
mineral acids. Heating sulphone meth- 
anes xvith potassium cyanide forms ethyl 
mercaptan and potassium thiocyanate 
(KCNS). Tlie latter may be identified by 
an intense red color when ferric chloride 
is added to the solution. Sulphides form 
when sulphones are fused with metallic 
sodium. Tlie drug is resistant to treat- 
ment with halogens, halogen acids, cold 
concentrated alkalies, nitric or sulphuric 
acids. 


CHAPTER 18 


Narcotics: Opium Alkaloids and 
Synthetic Narcotic Analgesics 


ANALGESIC ACTION OF 
NARCOTICS 

A NARCOTIC, according to the classi- 
cal textbook definition, is a sub- 
stance which exerts a combined anal- 
gesic and hypnotic action. The depres- 
sant action on the nervous system is a 
dual one. The analgesic activity is ac- 
complished not only by an elevation of 
the pain threshold in the thalamic nuclei 
but also by altering the psychological 
response to pain. The pain may not be 
completely obtunded but the subject is 
indifferent to it. The non-narcotic anal- 
gesics, such as phenacetin and acetyl 
salicycL'c acid, are devoid of this latter 
action. 

Scnixce 

For many years the opium alkaloids 
were the only available narcotic sub- 
stances. After the chemical structure for 
morphine was established the chemical 
groupings responsible for narcotic ac- 
tivity were determined. Numerous com- 
pounds, whose structures are patterned 
after that of morphine, were prepared. 
These have been referred to as the 
morphinoids due to similarities of their 
structure to morphine. The discovery of 
the analgesic activity of meperidine and 
methadon by German chemists and 
pharmacologists led to further studies on 
relationship of analgesic activity to mo- 
lecular configuration and the correla- 


tion of their structure and activity with 
those of morphine. As a consequence 
numerous non-morphinoid compounds 
were prepared. However, for each com- 
pound which has proved to be a success- 
ful analgesic, hundreds of closely allied 
compounds in the same series have been 
prepared which are devoid of narcotic 
action or are undesirable in some re- 
spect. The literature on narcotics is vo- 
luminous and a detailed comprehensive 
discussion of the subject is beyond the 
scope of this book. Tlie search for the 
ideal narcotic, one which is truly anal- 
gesic, non-addicting and devoid of side 
actions, goes on. The discussion in this 
chapter is concerned chiefly wth the 
narcotics obtained from opium and the 
cVmically useful synthetic drugs. 

OPIUM 

Source 

Opium is a complex mixture of plant 
origin containing over two dozen alka- 
loids together with various extractives. 
Opium is derived from the poppy (gen- 
eric name, Papaver somniferum), a semi- 
tropical plant which is cultivated in many 
parts of the world, but particularly in 
India, China, Russia, and Middle East 
areas. The alkaloids account for twenty 
per cent of the total weight of the crude 
drug. Many varieties of poppy exist but 
not all yield narcotic alkaloids. The yield 
of alkaloids, even in the opium-bearing 
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poppy, varies widely and is dependent 
upon the cultivation, climate, time of 
harvesting, and other factors. After the 
blossom opens and the petals are lost a 
capsule containing the seeds forms which 
ripen in a period of nine to fifteen days. 
The opium is contained in the wall of 
the pod. The seeds contain no alkaloids. 
The opium is harvested from the unripe 
capsule at the time believed most op- 
portune by an experienced worker. A 
circular incision is carefully made in the 
surface so that the pod is not penetrated. 
A white, resinous exudate oo 2 es from the 
incision and coagulates into a thick gum. 
The incision is made late in the day so 
that the exudate may dry overnight. Tlie 
thick gum which forms is collected the 
following morning and is rolled into 
crude opium balls. The ertide opttim is 
essentially a mixture of pectin, waxes, 
complex sugars, and alkaloids in the 
form of salts of sulpliuric, lactic, or 
acetic acids. The opium is dried and 
ground to a powder. In addition, it con- 
tains about 10% to 15% water and an acid 
not found in any other plant, meconic 
acid. 

Meconic Acid 

Meconic acid is of interest from a 
medicolegal standpoint since its identifi- 
cation in to.xicological material indicates 
the presence of opium rather than one of 
its processed alkaloids. Concentrations 
of meconic acid run as high as 4% in a 
specimen of opium. Cliemically meconic 
acid is the dicarboxylic acid of pyrone, 
a ketone. Meconic acid possesses the fol- 
lowing structure; 

O 

CQOH— I ^COOH 


Opium Fuepahations 

Opium powder as such is little used a 
a tlrerapcutic agent. The official powde 
(U.S.P.) contains 10% morphine. Tinctui 
of opium is a 10% alcoholic solution c 
opium. One ml., therefore, contains aj; 
proximately the equivalent of 1/10 gn 
of opium which is equivalent to 10 rngm 
of morphine (1/6 gr.). 

Tlie deodorized tincture contains ap 
proximately equivalent amounts of alka 
loid (10%) as the ordinary tincture. Th' 
organic non-alkaloidal constituents o 
crude opium impart a disagreeable tast< 
and odor to the drug. These are removec 
by extracting the aqueous solution o 
opium with petroleum benzine or liquic 
petrolatum. Tlie resulting product h 
knosvn as the deodorized tincture o; 
opium. 

A camphorated tincture of opiuir 
(paregoric) is available. This is a solu- 
tion of 10% alcohol containing 4 gm. oi 
opium (1/25 tlie amount in the tincture), 
4 gm. of camphor, and 4 ml. of oil of 
anise per lifer, 

Cranulated opium (U.S.P.) is prepared 
by drying opium at a temperature not 
exceeding 26.5‘’C. and reducing the mass 
to 16-50 mesh granules. These are then 
combined with lactose in a propor- 
tion to contain 10-15% morphine by 
weight. 

An opium derivative erroneously be- 
lieved to be devoid of morphine is panto- 
pon (also omnopon). Pantopon, frequent- 
ly referred to as “concentrated opium,” 
is an aqueous solution of all the alka- 
loids of Turkish opium minus the waxes, 
resins, meconic acid, and other extrac- 
tives. Tlie alkaloids are prepared in the 
form of tlie hydrochloride salts. One 
milligram of pantopon is equivalent to 
0.6 mgm. of morphine sulphate or 5.0 
mgm. opium powder. 
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The Chemistry of Opium Alkaloids 
The opium alkaloids are some of the 
most useful drugs in therapeutics. As is 
the case with most alkaloid-bearing 
plants, the opium plant is the source of a 
number of alkaloids w’hich are related 
both chemically and pharmacologically. 
Although over twenty-five known alka- 
loids have been identified in opium the 
clinician uses only several. Table 1.18. 
Chemically the opium alkaloids may be 
separated into two groups— those derived 
from the heterocyclic structure, isoquino- 
line, and those derived from the hydro- 
carbon, phenanthrene. 


TABLE 1 18 

The Alkaloids Which Abe Found in Opium 


5-15% 

2 - 8 % 

1 - 2 % 

0 5-1% 

0 15-0 5% 
0 lO-O 4% 


Morphine 

Karcotine 

Codeine. 

Papaverine 

Thebaine... 

Narceine 

Codamine 

Cotarnine 

Crj’ptopine 

Deuteropine 

Gnoscopine 

Hydrocotarninp 

Lanthopine 

Laudamne 

Meeonidine 

Anarcotine 


N’eopine 

Papaveramine 

Otynarcotine 

Porphyroaine 

Protopine 

Pseudomorpbine 

Pseudopapaverine 

Rhoeadine 

Triptopine 

Xanthaline 


Under the general discussion of alkal- 
oids, reference was made to the impor- 
tance of cycL'c structures as a basis for 
numerous alkaloids. Mention was made 
of quinoline which is pjTidine fused to a 
benzene ring. 



Two quinolines are known, a normal and 
an isoquinoline. Wfiien the nitrogen atom 
is in position 2 



isoquinoline results. This is the ring 
structure which forms the basis of the 
isoquiniline group of opium alkaloids. 
The most important and widely used 
drug of this group is papaverine. The 
drug will be discussed further on. The 
isoquinoline derivatives are non-narco- 
tic. 

Phenanthrene derivatives form the 
basis of the group of narcotics referred 
to as the opiates. In this group are mor- 
phine, codeine and thebaine. Phenan- 
threne is an aromatic hydrocarbon 
formed by the fusion of the three ben- 
zene rings. Phenanthrene is isomeric 
with anthracene since both these hydro- 
carbons each contain three benzene 
rings. In phenanthrene they are fused 
alternately; in anthracene they occur 
consecutively. 

Phenanthrene, like benzene, bas three 
double bonds in each ring. The hydro- 
carbon is capable of becoming hydrated, 
that Is, of further hydrogenation. Two 
rings in morphine are partially hydro- 
genated. Phenanthrene has no nitrogen. 
Morphine actually has five rings, rivo 
heterocyclic and three hydrocarbon. One 
Ketetoc^cUc contains nitrogen and one 
oxygen. The nitrogen in morphine forms 
a tertiary amino group. This, together 
with two other carbon atoms, forms a 
bridge behveen tvvopositions on the phe- 
nanthrene ring, or to use a more common 
and descriptive term, is “hooded on” be- 
tween hvo “comers.” The nitrogen con- 
taining ring is a six-membered heterocy- 
clic ring (Table 11.18). An ojwgen atom 
placed between the comers of rings I 
and III (carbons 4 and 5) forms an ethe- 
real linkage and another sLt-membered 
heterocyclic ring (ring I\^. The three- 
ringed phenanthrene is thus converted 
to a five-ringed structure, two of which 
are heterocyclic. The nitrogen bears a 
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TABLK 11.18 


OnlQine 

(McthyUMorpliine) 



Iferoin 

(Diacety Morpbme) 




Dionine 


(I’thyl Morphine) 
H 



Pancodeino 

(Dihydrocodeinc) 

H 



Metopon 

(.Methyl Dibydromorphinone) 

n 



Percodan 

(Dibydrohydroxy Codeinoae) 



CH,0 OCII, 



Oxymorphone 

(Dihydrohydroxy Morphinone) 


Dihydromorphine 

(Paratnorphan) 


(ConUnued In next column) 


(Continued on next page) 
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H 



Dicodid 

(Methyl Dihydromorphinone) 

_^’_CH^=CH5— CH, 



Nalline, Nalorphine 
(N-Allyl Nor Morphine) 

methyl group. This general structure 
forms the basis of the opiates and a 
number of semhsynthetic drugs derived 
from morphine. One wU note that ring I 
has its double bonds imaltered, and is 
therefore, aromatic. Rings II and III 
have some or all their double bonds re- 
moved by the addition of hydrogen 
atoms. Ring III has a single double 
bond which, when further hydrated, 
gives rise to metapon, dihydro and 
morphinone. 

Importance of Hydroxyl Groups 
The carbon atoms in morphine marked 
3 and 6 bear hydroj^l groups. Since 
ring number I is aromatic and not hy- 
drated, the hydroxyl upon carbon 3 is of 
a phenolic type. Morphine, therefore, re- 
sponds to tests for phenols. Ring III is 
partly hydrogenated (except carbon 7 
and 8). Saturation of tlie double bonds 
has occurred and the structure, there- 
fore, is no longer aromatic in nature. 
Consequently, the hydroxyl on carbon 6 
reacts chemically like one on an aliphatic 
group and confers properties of an alco- 
hol to the compound. In this case the 


ring is alicj’clic and tlie alcohol is a 
secondary one. Morphine, then, is a 
phenantlirene nucleus partially hydrated 
with a bridge composed of two carbons 
and a tertiary nitrogen, one phenolic hy- 
drojqrl^ one alcoholic hydro.xyl, and one 
ether linkage. Morphine responds to the 
chemical reactions characteristic of these 
groups. Each group confers a certain 
type of physiological activity to the com- 
pound. The phenolic hydroxyl imparts 
analgesic, narcotic and central nervous 
system depressant properties to mor- 
phine. The alcoholic hydro.^’l is be- 
lieved to be responsible for tetanizing 
and convulsive properties. Alterations or 
substitution of each of the hydroxyl 
groups change the pharmacological na- 
ture of the responses. 

Synthetic Derivatives of Morphine 

As a rule, the alcoholic hydroxyl is more 
easily altered than the phenolic. If the 
hydrogen atom of the phenolic hydroxyl 
group is replaced by an methyl group, 
methyl morphine (an ether) or codeine 
results (Table 11.18). This change de- 
creases potency. Codeine has approxi- 
mately one-fourth the narcotic potency 
of morphine. The ethyl etlier, or dionine, 
may be formed in a similar manner by 
replacing the hydrogen atom of the 
phenolic hydrojtyl with an ethyl group. 
If both the alcoholic and phenolic hy- 
droj^Is are methylated, thebaine forms. 
This has marked convulsant powers. 

The hydroxyl groups may be esterified 
with organic acids. Treating morphine 
with acetyl chloride acelylates both hy- 
droxj’l groups. Diacetyl morphine, or 
heroin, results. The presence of the acid 
groups on the phenolic hydro.xyl in- 
CTeases narcotic potency. Either hydroxyl 
group may be oxidized. The phenolic 
forms a quinone; the alicyclic a ketonic 
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TABLE 111.18 



I’henanthrcnc Dibenzofumn Carbazole 



Iso()iiinoliiic 

Qiiindbiie 


Papaverine 


CH, 

J, . 



Aporftorphlnc Bylbotapnine 




group. O'cidation of the alicyclic hydroxyl 
entails the alteration of tlie ring by fur- 
ther hydrogenation and removal of the 
single remaining double bond. If the al- 
coholic hydroxyl in the 6 position is con- 
verted to a ketone, dihydromorphinone 
(Dilaudid) results The masking of free 
hydroxyl groups diminishes its tetanizing 
effect and enhances the narcotic effect. 
Converting the alicyclic hydro^I to a 
ketone increases the potency, Dilaudid is 
approximately ten times more potent 
than morphine. 

Nabcotic Potency and Structural 
Variations of Opiates 
In general, one may say that the nar- 
cotic potency is decreased if the phenolic 
hydroxyl is converted to an ether and 


the convulsive effect is enhanced if both 
hydro.xyl groups are converted to ethers. 
Esterification of both hydroxyl groups 
increases narcotic action. Masking the 
alcoholic hydroxyl decreases the anal- 
gesic effect. Less is known about the 
effect of altering the phenolic hydroxyl 
than the alicyclic. The emetic proper- 
ties of these substances are associated 
with the presence of the free hydroxyl 
groups. Masking the hydro.xyl groups de- 
creases the emetic properties. 

Naturally Occurring Phenantlirene 
Opiates 

Two phenanthrene derivatives occur 
in opium in any reasonable quantity- 
morphine and codeine. Other phenan- 
dtrene derivatives available for clinical 
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use are synthetic or semi-synthetic. 
Among the semi-synthetic compounds 
are dionine dihydromorphine, lieroin, 
metopon, oxymorphone (Numorphan), 
dicodid, dihydrocodeine and so on (Table 
11.18). These are prepared directly from 
morphine. They are, therefore, referred 
to as semisynthetic opiates. Morphine has 
been synthesized; nonetheless opium still 
remains the source of the alkaloid and its 
derivatives. 

Synthetic phenanthrene substances 
have been prepared, best known of 
which are the morphinan derivatives 
(Table IV.18). Levorphan (Dromoran) is 
the most important of these. The levor- 
phan molecule consists of a phenan- 
threne ring with the six-membered nitro- 


gen ring arranged in the same W'ay as in 
morphine. Tlie six-membered ring bear- 
ing the ethereal o^^gen is absent. Levor- 
phan is four to five times more potent 
than morphine. 

Structure-Activity Relationships of 
Narcotics in General 

The introduction of the synthetic anal- 
gesic narcotics brought out the fact that 
the phenanthrene nucleus is not essential 
for narcotic activity and led to reap- 
praisal of the entire subject of relation of 
molecular configuration to activity. Other 
cyclic configurations, such as the bi- 
phenyl, the piperidines and the oxazolo- 
pinediones may appear in compounds 
which show high degrees of analgesic 


TABLE IV.18 
Morphinan Series 



Fbeoanthrene 


X— CH, 



il, d, 1 or d Hydroxy diethyl Morphinan 
d »= Dextrorphan 
dl = Racemorphan 
i = Levorphan (Dromoran^ 



K-Methjl Morphinan 


X— CHj— CH=CH, 



Levallorphart 

(llydroxj' AUylniorphninan) 
(Lorfan) 



CIIiO 

d, dl, or I Methory Morphinan 
d = Dexttometnmorpliinan 
dl = Jlacemethmonihinan 
1 = Levomethmorphinan 
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TABLE V.18 
BESzuonrKAN Series 



Plicna*ocini* I’henaroeine supenmposeii on 

morphine molecule 


activity. O! these newer compounds 
tliose derived from piperidine (Table 
VI.18) are the most extensively used. The 
molecular configurations appear dissimi- 
lar when expressed in the conventional 
planar manner. However, if visualized in 
three dimensions similarities in pattern 
become apparent. 

ESSENTIAL GROUPINGS IN 
NARCOTICS 

Three groupings consistently appear 
to be present in the potent analgesics. 
These are (1) a prosthetic group con- 
sisting of a methyl radical on a tertiary 
nitrogen atom, (2) one or more oxygen 
containing prosthetic groups whose dis- 
tance varies from 7 to 9 angstrom units 
from the methyl on the nitrogen atom 
and (3) a bulky blocking portion of Uie 
molecule. This blocking moiety is usual- 
ly a cyclic structure composed of one or 
more phenyl groups or an isoten'c struc- 
ture. By isoteric is meant that the group- 
ing is similar in molecular shape, molec- 
ular weight and electrical activity, and 
functions in a manner similar to the 
phenyl group. Eddy indicated that this 
triad is essentially a quaternary carbon 
atom connected to a tertiary nitrogen 
atom by a dimethylene group ( — CHs 
CHs — ) and that this combination is es- 
sential for narcotic activity. A quater- 
nary carbon atom has none of its va- 


lences satisfied by a hydrogen atom. 
The quaternary carbon atom in narcotics 
is centrally located. The quaternary car- 
bon atom must be connected with a 
phenyl group or another group isoteric 
with plienyl which serves the same pur- 
pose and has the same physical char- 
acteristics as the phenyl. This arrange- 
ment of groups appears to be essential; 
nonetheless it cannot unequivocally be 
the basis for prediction of analgesic ac- 
tion or for preparation of a tailor-made 
compound of high degrees of activity 
since all substances which conform to 
this configuration are not necessarily 
analgesic. However, all substances which 
manifest a morphine-like analgesic effect 
appear to conform to this configuration. 
The prosthetic or physiologically active 
groups in narcotics are independent of 
the general ring structure, since they are 
found in cyclic structures which are un- 
like each other and diverse from each 
other. They are found, for example, on 
phenanthrene, as in morphine, pjpepi- 
dine as in meperidine, the biphenyls, the 
pyridines and so on. 

Groups REsimriNC ix Autonomic and 
Other AcrrvrrES 

The prosthetic groups are similar to 
those of the atropine-like compounds in 
many cases, so that some analgesics have 
a spasmolytic activity and in other cases 
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compounds have parasympathetic, or 
sympathetic and even local anesthetic 
activity. Schuler has proposed that both 
sympathetic and parasympathetic moie- 
ties are present on the narcotic molecule 
with the single nitrogen atom common 
to both. The sympathetic portion of the 
molecule enhances the peripheral peri- 
neural vasoconstrictor response. The 
parasympathetic portion of the molecule 
may be concerned with the release of 
epinephrine from the adrenal gland. 
The sympathetic portion of the molecule 
is similar in structure to phenyl ethyla- 
mine while the parasympathetic por- 
tions are similar to acetylcholine. Ap- 
parently, both sympathetic and parasym- 
pathetic groupings are essential in the 
molecule but do not in themselves con- 
fer analgesic potency. 

Nature of Heceptors for Narcotics 
The tertiary nitrogen atom is basic and 
yields a cation which is positively 
charged and becomes attached, by ionic 
bonding, to an anionic negatively 
charged site on the cell surface. In addi- 
tion there appears to be an electrophilic 
csrbon grcvjp which is rtegaiiyeJy charged 
and which is attracted to a cationic posi- 
tively charged site on the cell surface. 
This group bears an oxygen atom and is 
attached to the central carbon. The evi- 
dence at hand, then, indicates that the 
receptor sites on a cell surface are three 
in number (Fig. 1.18). These are (1) an 
anionic, negatively charged grouping in 
a concavity on the cell surface. The im- 
portance of this concavity is explained 
further on. (2) A cationic or positively 
charged site for the attachment of tlie 
electrophilic carbon grouping and (3) an 
intervening flat surface which extends 
between two electrically active sites and 
to which the cj'clic portion of the mole- 
cule is attached. 


Steric Configuration of Narcotics 
It has been mentioned that the nar- 
cotic molecule is not planar, but instead 
has a three dimensional spatial config- 
uration (Fig. 1.18). The morphine mole- 
cule is a complex composed of five rings, 
two of which are heterocyclic. One of 
these heterocyclic rings contains oxygen 
and one contains nitrogen. The nitrogen 
bearing ring is six-membered and is ar- 
ranged in a planar fashion which is near- 
ly perpendicular to the remainder of the 
molecule. This ring thus projects into 
space and, therefore, is believed to fit 
into some sort of a depression in the cell 
surface. The remainder of the molecule, 
that is, the bulky portion containing the 
phenyl and heterocyclic residues, is at- 
tached to the flat receptor area on the 
cell surface. The quaternary carbon 
forms the center of a nucleus of a large 
"umbrella-like” structure containing 
phenyl and heterocyclic residues. This 
portion of the molecule is attracted to 
the flat surface of the cell receptors area 
by forces of the Van der Waal type. 
Therefore, whatever bonding occurs 
from this attachment is weak. The firm- 
ness of the bonding of the molecule to 
the cell surface resides in the activity 
of the electrophilic groups. The marked 
differences in analgesic activity between 
optical isomers of various narcotics are 
explained by the proposal of a three di- 
mensional arrangement of the molecule 
in space and that compounds whose pro- 
jecting groups fit into the cavity show 
strong analgesic effects. Compounds hav- 
ing opposite steric configurations do not 
fit tlie cavity and, therefore, are inactive. 
As a rule only one of a pair of isomers is 
physiologically active. Levomorphan, for 
example, is active; while its dextro coun- 
terpart, dexlromorphan, is devoid of 
narcotic action. 




Fic. 1.18. Sdiematic representation of receptor for narcotic molecules. The negatively charged 
anionic site receives the positively charged nitrogen atom. The positively charged cationic site 
receives the oxygen carrjing electrophilic carbon atom. The quaternary’ carbon atom bearing 
the benezine ring fits on to the fiat surface of the receptor. The nitrogen portion of the molecule 
fils into a "depression" in the receptor since this portion projects into space at an angle from the 
flat portion of tlie molecule, making the structure three dimensional instead of planar. (See inset) 

ELEcmopiQLic Cahoon Replacement of the phenyl radicals in 

The molecule must possess some de- mclhadon, meperidine and alphaprodine 
gree of rigidity to maintain tins neces- hy other groupings also leads to a de* 
sary three dimensional conSguration. crease in activity. However, if the phenyl 
This rigidity, as well as optical activity, group in meperidine is replaced by a 
is conferred by the quaternary carbon meta hydroxy group, phenyl heto beml- 
atom (Fig. 1.18). done results. Tliis compound is markedly 

The electrophilic carbon may carry a more active than meperidine (Table VI. 
phenolic hydroxj’I, as is the case in mor- 18). 
phine and levallorphan, or it may carry 

a ketonic oxy’gen as is the case in melha- Effects of AtTEnixc the Amujo Group 
don, meperidine and alphaprodine. ModiJymg the tertiary nitrogen atom 
Changes in the grouping attached to the on tlie methyl group also alters acliv'ity. 
electrophilic carbon lead to a reduction Quatemization nullifies activity. Re- 
in activity. For example, methj’Iation of placement of the methyl group of mor- 
the hydroxyl group in morphine results phine by an allyl group, for e.xample, re- 
in codeine; in levorphan, levoroethor- suits in nalorphine (Nalline). Replace- 
phan. Both are weaker analgesics than ment of the methyl group in levoiphan 
the parent compounds from whidi they by an allyl results in levallorphan (Lor- 
are derived. Meperidine and alphapro- fan). These act as narcotic antagonists 
dine lose activity when the length of the when administered after morphine or 
carbon chain bearing the ketonic group is other narcotics. Apparently they occupy 
modified. Apparently tliese modifications the same site on tlie cell surface as the 
of the electrophilic carbon alter the elec- methyl nitrogen configuration. Nalor- 
tronic attractive forces for tlie cationic phine is weakly narcotic and anal- 
center so that the strength of the bond- gesic. However, it displaces morphine 
ing is weakened. and other analgesics from the site of 
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attachment on the receptor thereby sub- 
stituting the weak analgesic effect of that 
possessed by nalorphine for the stronger 
one of morphine. The n-allyl structure 
presumably lias a stronger power of at- 
tachment to the negative anionic site on 
the cell receptor than the n-methyl group 
of morphine and other narcotics. Appar- 
ently the double bond in the allyl group 
modifies the charge on the nitrogen atom 
to increase the strength of attraction for 
the anionic site. Both of the foremen- 
tioned allyl derivatives inhibit the nar- 
cotics by acting competitively with 
them. They are useful to overcome de- 
pression due to narcotics encountered 
clinically. 

INDIVIDUAL NARCOTICS 
Tlie clinically useful narcotics appear 
to be predominantly in four series— the 
opiates which are predominantly derived 
from morphine, the morphinans which 
are synthetic phenanthrenes, the 4-pi- 
peridine types of which meperidine is 
the protot^e, and the methadons which 
are diphenyl alkylamine derivatives. The 
individual members of these groups of 
clinical importance will be discussed in 
detail in the ensuing paragraphs. 

MoRPinNE 

Structure 

Morphine is the most important alka- 
loid in opium. The amount present 
ranges from 3% to 23'J by weight but 
averages approximately 10^. Althougli 
opium has been known for centuries, the 
individual alkaloids contained in it were 
not identified until the turn of the 19th 
century. In 1805 Sertumer, a pharma- 
cist, isolated morphine as a crystalline 
material from crude opium. This he 
called the “salt of opium.” Even tliough 
the alkaloid was isolated more than one 


hundred years ago, its structure was not 
accurately described until 1925. Until 
very recently, the exact molecular struc- 
ture on the alkaloid was still uncertain 
until the compound was synthesized by 
Cates and Tschudi in 1952. The first 
structure was proposed by Knorr in 1882. 
Since then at least twenty other struc- 
tures were proposed. The accepted 
structure is that proposed by Giilland 
and Robinson in 1925, 

Reactiviitj 

Morphine responds to certain tests 
characteristic of its side chains. The 
drug manifests properties characteristic 
of a tertiary amino group due to the 
presence of a nitrogen atom in one ring. 
The ethereal oxygen atom possesses the 
inertness characteristic of an ether. The 
phenolic hydroxyl responds to the tests 
of a phenol and the alcoholic hydro.xyl 
to the usual tests and responses of a 
secondary alcoliol. Two of the rings in 
the phenanthrene nucleus are partly hy- 
drogenated. 

The destructive distillation of mor- 
phine yields approximately 20% phenan- 
threne and other degradation products, 
such as ammonia, pyridine, and methyl 
amine. Acetyl chloride converts mor- 
phine to diacetyl morphine or heroin. 
Both hydroxyl groups are esterified by 
acylation. The substitution of the hy- 
droxyls by other groups not only alters 
the intensity of the analgesic and nar- 
cotic properties, but also the central stim- 
ulating action. Chlorination with phos- 
phorous trichloride attacks the alcoholic 
hydroxj'l but leaves the phenolic group 
intact. Tlie metlioxy, as well as other 
alkoxj', groups may be made to replace 
one or both hydro:^’Is by treating 
morphine with a methylating agent. 
Codeine fonns if only the phenolic hy- 
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droj^l is methylated, and thebaine if 
both are and the double bond in ring III 
is hydrogenated. 

Formation of Saks 

Morphine, by virtue of the phenolic 
hydroxyl, dissolves in strong alkalies to 
form salts. Thus, it is able to form a 
sodium salt. As is the case with other 
alkaloids, morphine is a base and forms 
salts witli mineral and organic acids. In 
this case the salt formation is with the 
amino group. In the plant, morphine ex- 
ists as a salt of naturally-occurring acids, 
such as meconic and lactic acid. The 
purified alkaloid is dispensed as a salt of 
a mineral acid usually as the hydrochlo- 
ride or the sulphate. 

Properties of the Base 

Hie anhydrous free base Is a white, 
odorless, bitter-tasting substance com- 
posed of fine, white rhomboid needles 
which melt at 254*0. and sublime at 
200*C. The base is readily crystallized 
from amyl or methyl alcohols. A mono- 
hydrate crystallizes from water. Aqueous 
solutions are sufficiently alkaline to 
affect litmus as well as other indicators. 
The isoelectric point of morphine base, 
at which there is minimum solubility, is 
pH 8.96. The base is soluble in an ex- 
cess of sodium or potassium hydroxide 
but not in ammonium hydroxide. The 
difference in solubility between weak 
and strong bases is utilized in extractions 
for toxicological studies. 

The base is poorly soluble in water. 
One gram dissolves in 5000 cc. of water, 
210 cc. of alcohol, 1220 cc. of chloro- 
form, and 6250 cc. of ether at 25“C. The 
solubility in hot water is about five limes 
greater than in cold. Morphine, hice other 
alkaloids, possesses an asymmetric car- 
bon and is optically active. Hie optical 


rotation of the base dissolved in IS 
methyl alcohol is 

[a I’d- 132". 

The naturally occurring optical isomer is 
levorotatory. The dextrorotatory deriva- 
tive has been prepared sjmthelically. 

Stability 

Morphine is easily oxidized and con- 
verted, in alkaline solutions, to pseudo- 
or oxtjdimorphine. Pseudomorpliine is a 
bimolecular structure made up of two 
rearranged molecules of morphine. 
Pseudomorphine is biologically inert and 
possesses no narcotic properties. It may 
form when morphine solutions stand in 
air or arc boiled in the absence of acids, 
particularly in neutral or alkaline solu- 
tions. Permanganate solutions and other 
oxidizing agents hasten the conversion 
to the oxidation products. Morphine is 
also easily oxidized by salts of gold, 
silver, and platinum. 

^^orphiDe, boiled in aqueous alkali, is 
converted to methyl amine and other 
degradation products. Boiling with di- 
lute acids causes the loss of one molecule 
of water and an internal rearrangement 
of the molecule. The resulting compound 
is apomorphxne. The latter compound is 
a complex structure related to isoquino- 
line rather than phenanthrene. 

Tests for Morphine 

Morphine responds to several color 
reactions which may be used to identify 
the compound. A blue color forms with 
aqueous ferric chloride due to the pres- 
ence of tlie phenolic group. Morphine 
may also be diazotized to produce a 
colored compound. This reaction, which 
is common to phenols and aromatic 
amines in general, may be used as a basis 
for a quantitative test for the alkaloid. 
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FroHde’s reagent, added to morphine 
solutions, produces a deep purple color 
which is not obtained with codeine and 
atropine. A biological test is sometimes 
employed in which the test solution is 
injected into the back of a small white 
mouse. The animal assumes a position of 
lordosis, the tail becomes S-shaped, and 
the animal jumps at the slightest stimu- 
lus if morphine is present. 

Properties of Salts 

The commonly employed salts are the 
sulphate and the hydrochloride. Salts are 
more soluble in water than the free 
base. The sidphate is a white powder 
which melts with decomposition at 
250'’C. One gram dissolves in 15.5 cc. 
of water at 250®C. It is slightly soluble 
in alcohol, but insoluble in ether and 
chloroform. Aqueous solutions of mor- 
phine sulphate are acid to litmus (pH 
4.8). The sulphate is also levorolatory 

in a 4% aqueous solution. Morphine sul- 
phate possesses five molecules of water 
of crystallization, as shoNvn by the empir- 
ical formula, (CjtH« 0 *N )2 ' HzSOi • 
5 H 2 O. Three are lost at 100* and the re- 
mainder at 130°C. The hydrochloride 
possesses three molecules of water of 
crystallization which are lost at 100*C. 
The hydrochloride is soluble in water (1 
gm. in 17.5 cc.), alcohol and glycerine, but 
insoluble in chloroform and ether. The 
pH of dilute aqueous solutions of the hy- 
drochloride is 5.0. Other salts of mor- 
phine are the acetate, bimeconate, cit- 
rate, hydroiodide, hydrobromide, lac- 
tate, meconate, nitrate, oleate, phos- 
phate, phthalale, sterate, tartrate, and 
valerate. The nitrogen atom, since it is 
a tertiary amine, adds methyl bromide to 
form the penlavalent nitrogen com- 


pound, morphine methyl bromide. Qua- 
lemization of the nitrogen decreases ac- 
tivity. A 3? solution of morphine sul- 
phate, referred to a Magendie’s solution, 
was once extensively used for parenteral 
or subcutaneous administration. Solu- 
tions are best stored in amber or dark- 
bottles to prevent decomposition. 

Distribution in Tissues 

Morphine is absorbed readily after 
parenteral injection. The drug penetrates 
the mucous membranes. Absorption 
from the stomach is variable, depending 
upon the pH of gastric contents. The dis- 
tribution of morphine is uniform in most 
tissues. The drug does not appear to con- 
centrate in the brain even though its prin- 
cipal site of action is there. Morphine 
exists in free and bound form after par- 
enteral administration. Peak levels can be 
correlated with pharmacological activity. 
Morphine traverses the placental barrier. 

Excretion 

Morphine is excreted into the gastro- 
intestinal tract and in the urine. Oberst 
found that the morphine excreted in 
urine exisls in two forms— free andbound. 
Over 90% of a dose of morphine may ap- 
pear in the excreta. The fate of the re- 
mainder is unknown. The greater portion 
of a dose undergoes conjugation chiefly 
by the liver. The conjugated product is 
excreted into the urine by the kidney. 
The ratio of unbound morphine is in- 
creased in the presence of liver damage. 
The most rapid excretion occurs within 
the first two hours. The major portion is 
eliminated within twenty-four hours. 
However, traces may be detected in the 
urine for several days. Seven to ten per 
cent of a dose in man is recoverable in the 
urine. The intestinal morphine reaches 
the tract via the bile into which it is 



352 


Chemistry and Physics of Anesthesia 


excreted. The bound morphine o£ the 
bile is morphine glycuronide dihydrale. 
The bound urinary morphine is a mono- 
glucuronide. Tlie union with glucuronic 
acid is by a glucoside linkage by the alde- 
hyde group of tlie acid to either the 
phenolic or alicyclic hydroxyl group. A 
di-conjugated compound is also present 
in which a glucuronic group attaches 
to the alicyclic hydroxl and an ethereal 
sulphate to the phenol. The conjugates 
are physiologically inert. Tlie conjuga- 
tion is aided by microsomal enzymes in 
the hepatic cells. The bound form may 
be hydrolyzed to morphine after pro- 
longed boiling in acid solution. The 
amount of free morphine in urine of ad- 
dicts is to of the daily intake. 

Morphine is stored presumably in 
muscles, but the storage capacity is prob- 
ably limited since the amount excreted 
in addicts falls to a low level the first and 
succeeding days of abstinence. After five 
days, practically no morphine is found in 
the urine of these subjects. Less mor- 
phine is excreted when administered or- 
ally than subcutaneously. This difference 
is probably due to possible destruction by 
the liver or to loss in the gastrointestinal 
tract. 

Morphine sulphate is the salt of the al- 
kaloid wliich is official in the U.S.P. 

Codeine 

Source 

Codeine is also derived from phenan- 
threne. The alkaloid occurs in opium in 
quantities varying from 0.2% up to O.S%, 
usually averaging 0.5?. Chemically, co- 
deine is methyl morphine. Tlie methyl 
ether group replaces the phenolic hy- 
droxyl. The phenolic hydroxyl of mor- 
phine is more readily etheriSed than the 
alicyclic hydroxyl, although it is possible 
to etherify both to form dimethyl mor- 


phine. Codeine was first isolated from 
opium by Robiquet in 1832. Tlie alkaloid 
is found in no other plant but the poppy 
and it is believed to form after morphine. 

Synthesis from Morphine 

The greater part of commercial co- 
deine is obtained by melhylation of mor- 
phine which is a more abundant product. 
Methylalion may be accomplished on a 
commercial scale by allowing morphine 
to react with metliyl sulphate, (CHs)f 
SO., or trimcthyl ammonium hydroxide, 
-(CH,), • NH • OH. 

The latter reagent is preferable as the 
loss of morphine is least and the yield of 
codeine is highest due to minimal side 
reactions. A by-product, dimethyl ana- 
line forms which is removed by distilla- 
tion. 

Solubility 

Codeine crystallizes from ether or ben- 
zine in small, anhydrous prisms. The free 
base melts at 151° to 156°C. It is spar- 
ingly soluble in water (1 part in 120), but 
soluble in organic solvents such as alco- 
hol (1 gm. in 2 cc.), chloroform (I gm. in 
0.5 cc.), and ether (1 gm. in 18 cc.) and 
benzine (1 gm. in 13cc.), at 25°C. Co- 
deine is levorotatory, 

= - 134 °. 

Aqueous solutions of the base turn 
red litmus blue. The base forms a hy- 
date with a single molecule of water. A 
varie^' of salts is prepared among which 
are the acetate, citrate, hydrobromide, 
nitrate, and salicylate. The hydrochlor- 
ide, sulphate, and phosphate are the most 
commonly employed salts. The base, the 
phosphate and sulphate are official and 
included in the U.S P. The phosphate 
forms a hydrate with lit molecules of 
water (CmHs.OsN-HsPO.-H-'HsO). Tlie 
sulphate forms a hydrate with 5 
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molecules of water (CuHziOsN'HsSOi* 
5 H 2 O). The phosphate is the most soluble 
salt of codeine and is, therefore, popular 
for parenteral use. One gram dissolves in 
2.3 cc. of water at 23°C. One gram of the 
sulphate dissolves in 30 ml. of water in 
similar circumstances. The salts are 
poorly soluble in alcohol, chloroform and 
ether. 

Stability 

Codeine resists oxidation more than 
morphine due to muzzling of the phe- 
nolic hydroxyl group. Oxidation with 
permanganates or chromic acid converts 
the alicyclic hydroxyl to a ketone group 
and forms codetnone. Codeine possesses 
the properties of a secondary alcohol, 
but none of a phenol, since the phenolic 
hydroxyl is masked by the methyl radi- 
cal. 

Concentrated sulphuric acid or anhy- 
drous oxalic acid cause the loss of a mole- 
cule of water and convert the alkaloid to 
apocodeine. This compound bears the 
same relationship to codeine that apo- 
morphine has to morphine. 

Codeine, as does morphine, forms pre- 
cipitates with alkaloidal reagents. Ferric 
chloride produces no purple coloration 
due to absence of the phenolic hydro^^l 
group. A drop of a mixture of sulphuric 
and nitric acids added to codeine pro- 
duces a green color which ultimately 
turns violet green. Codeine warmed with 
a few drops of nitric acid, followed by a 
drop of alcoholic potassium hydroxide, 
turns brick red. A white precipitate 
forms when a few drops of phospho- 
tungstic acid reagent is added to an 
aqueous solution of codeine. Dry co- 
deine mixed with several times its bulk of 
potassium arsenate produces a deep blue 
color when a drop of concentrated sul- 
phuric acid is added. 


Absorption and Elimination 
The absorption and distribution of co- 
deine parallels that of morphine. Absorp- 
tion proceeds at a somewhat more rapid 
rate than that of morphine by either the 
parenteral or oral route. The bulk of a 
given therapeutic dose of codeine is ex- 
creted in a bound form. A portion of it is 
demelhylated by removal of the methyl 
group on the nitrogen atom and excreted 
as norcodeine. This in turn is bound with 
glucuronic acid and excreted. A trace is 
converted to morphine and this in turn is 
conjugated and excreted in the bound 
form. Only traces of unbound norco- 
deine and morphine appear in the urine. 
The intestinal excretion is negligible. 

Ethyl Morphine (Dionine) 

Ethyl morhpine or dionine is a syn- 
thetic substance prepared from mor- 
phine. An exothy group instead of a 
methoxy masks the phenolic hydroxyl of 
morphine (Table 11.18). The base forms 
salts the most important of which is the 
hydrochloride. This forms a hydrate with 
two molecules of water. This salt is in 
most respects similar to codeine. 

Pharmacologically and chemically di- 
onin is similar to codeine. Like many nar- 
cotics it manifests local anesthetic activ- 
ity. The fate in the body has not been 
determined. 

DnnDROMORPinNE (Paramorpiian) 

The double bond of morphine between 
carbon 7 and 8 may be hydrogenated to 
fonn dihydromorphine, which is some- 
what similar to morphine in properties 
and activity but less potent. It is pre- 
pared by reducing morphine with hydro- 
gen in the presence of palladium as a 
catalyst. The base reacts with acids to 
form salts the most important of which 
is the hydrochloride. The base is insolu- 
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He in water, but soluble in organic sol- 
vents. The salt is water soluble. Similar 
hydrogenation of codeine results in di- 
hydrocodeine. The base forms a dihy- 
drate which is a white powder melting at 
187-189°. The pharmacologic behavior 
and potency are similar to codeine. 

Diacctyl Morphine (Hiuioin) 

Diacetyl morphine is made by esteri- 
fying morphine with acetic acid. BoOi 
hydroxyl groups are esterified. Diacetyl 
morphine is a white, odorless, bitter 
crystalline powder which melts at 172°C. 
One gram dissolves in 1700 ml. wafer, 31 
ml. alcohol, 1.5 ml. chloroform and 100 
ml. ether. The hydrochloride Is a while, 
odorless, crj’stalline powder wlu'ch melts 
at 230®C. The salt is levorotatory 

[o]d — 153 * 

in water. Tlie hydrochloride is soluble (1 
part in 2 of water), moderately soluble in 
alcohol but insoluble in chloroform and 
ether. 

Dlacelyl morphine is rapidly ab- 
sorbed from mucous surfaces and sub- 
cutaneous and intramuscular tissues. The 
distribution In llie body is similar to that 
of morphine. Discstyl morph/no is hy- 
drolyzed to morphine in tlie body. The 
morphine is then excreted in a conju- 
gated form in the urine. Approximately 
7% is eliminated .as free morphine. The 
compound is hydrolyzed in the body and 
is excreted as morphine in a bound form. 

DnrxtmoMORPHiNONE, (Dilavoid) 
Structure 

Dihydromorphinone (Dilatidid) is a 
synthetic narcotic derived from mor- 
phine. As is tile case with morphine, 
three oxj'gen atoms are also present in 
dihydromorphinone. The phenolic hy- 
droxyl in position 3 and the ethereal oxy- 


gen are unaltered but the alicyclic hy- 
droxyl (position 6) (secondary alcohol) is 
converted into a ketonic oxygen group. 
The narcotic potency of the drug is en- 
hanced 8^9 times by the changes. Phar- 
macologically the drug is qualitatively 
similar but quantitatively different from 
morphine. 

Dihydromorphinone is prepared by 
hydrogenation of morphine in an acid 
solution in the presence of a catalyst, such 
as platinum. Tlie double bond ordinarily 
present between carbons 7 and 8 (Table 
11.18) in the morphine structure is re- 
moved. The liydroxyl group is converted 
to a ketone by oxidation. 

Properties 

Dihydromorphinone is a fine, white, 
odorless powder, soluble in w'ater (1 to 
3 at 20'*C.) and in alcohol, but insoluble 
in ether. The free base forms salts with 
mineral acids. The hydrochloride is the 
most common and important salt. Tlie 
base, like that of morphine, decomposes 
when heated (M.P. 260° to 262°C.). 
Aqueous solutions of the hydrochloride 
may be sterilized by boiling. The com- 
pound is levorotatory. 

Reactivity 

Both the phenolic hydro.xyl and the 
ketonic group are reactive and respond 
to tests and reactions characteristic of 
phenols and ketones. Dihydromorphi- 
none manifests the same behavior as do 
other ketones and forms an oxime when 
treated with hydroxylamine hydrochlor- 
ide. One part of hydroxylamine and five 
parts of Dilaudid react to form a precipi- 
tate after alkalinization with ammonia. 
The oxime may be used for identification 
since the precipitate melts at 230°C. to 
235°C. A blue color results when ferric 
chloride is added to aqueous solutions of 
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dihydromorphinone due to the presence 
of the phenolic hydroxyl in position 3. 
This color, wliich is also obtamed with 
morphine, is absent in acid solutions and 
in ether. 

Ddiydbocodeinone 
Dihydrocodeinone (Dicodid, Hyco- 
dan) bears tlie same relationship to co- 
deine that dihydromorphinone bears to 
morphine. Hydrogenation of the double 
bond between carbon 7 and 8 and con- 
version of the alicyclic hydroxyl group of 
codeine to ketone forms dihydromethyl 
morphinone (Table 11.18). A hydroxyl 
group in position 14 results in dihydro- 
hydroxy codeinone (Eucodal). An enol 
acetate may be formed by refluxing di- 
hydrocodeinone with acetic anhydride 
and sodium acetate. Tlie linkage of the 
acetate is at position 6. This compound, 
known as ocedicon, is somewhat more 
potent than dihydrocodeine. 

Metopojj (Methyl Dihydro- 
morphinon'e) 

Metapon is similar in structure to di- 
hydromorphinone save for the presence 
of a metlryl group instead of a hydrogen 
atom in the 7 position. It is prepared 
from thebaine. The drug is less addicting 
than morphine but more analgesic. 

OXYMORPIIONE 

Another derivative closely allied to di- 
hydromorphinone recently introduced is 
14 hydroxy dihydromorphinone (Numor- 
phan). This resembles morphine and 
dihydromorphinone in pharmacologic 
properties. 

Apomorpiiine 

Formofion 

Apomorphine is little used in anesthe- 
sia practice hut is mentioned because of 


its close relationship to morphine and in- 
terest in its emetic qualities. The drug is 
a syntlretic base which is formed from 
morphine by internal rearrangement of 
the molecule. This comes about by treat- 
ing the morphine with sulphuric acid at 
40‘’C. A molecule of water is lost, the 
bridge containing the nitrogen is altered, 
and the inert ether linkage of morphine 
is converted into a second, phenolic hy- 
droxyl group. The structure may be con- 
sidered a derivative of phenanthrene 
and isoquinoline (Table III.18). These 
changes produce a marked diminution of 
the narcotic effect but an enhancement 
of stimulating effects. Apomorphine is 
usually employed as an emetic. 

Vroperties 

Apomorphine is a white or grey-white 
powder which acquires a greenish tint 
when exposed to air. The presence 
of the two phenolic hydro.xyls on the 
molecule renders the compound unsta- 
ble in air. Like other phenols, it is oxi- 
dized to quinones and absorbs oxygen 
quantitatively in the change. A green 
coloration indicates that the solution has 
deteriorated. The hydrochloride and the 
sulphate are the most common salts. The 
hydrochloride forms a hemihydrate 
which is soluble in water (1 in 50). Apo- 
morphine responds to the reactions and 
tests of phenols and ketones which may 
be used for identification. Apomorphine 
hydrochloride is included in the U.S.P. 

PAPA^’ER1NE 

Papaverine is the most important of 
the opium alkaloids derived from iso- 
quinoline. It occurs in opium to the ex- 
tent of 15f. It is also prepared syntheti- 
cally. Structurally papaverine is a tetra- 
mediox)’-benzyl-isoqumoline. 

Tlie alkaloid possesses an anti-spas- 
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modic as well as an analgesic action. It 
is non-narcotic and is devoid of central 
action. 

Papaverine was discovered in 1848 by 
H. Merck. The alkaloid is a feebly basic 
substance which is optically inactive. It 
occurs as a white powder which melts 
at I47°-148®C. Papaverine base is in- 
soluble in water but soluble in alcohol 
(1 part in 45 at 25°C.) The hydrochloride 
is the most common salt, although the 
lutrate and sulphate are also prepared. 
The hydrochloride is soluble in water 
(1 to 40) and alcohol and chloroform but 
insoluble in ether. Aqueous solutions are 
acid in reaction. 

Ahsorjition and Fate 

Papaverine is absorbed from the mu- 
cous membranes and from subcutaneous 
and intramuscular tissues after injection. 
It is not recoverable in tlie urine or 
feces. It is believed to be acted upon 
by the microsomal enzyme s)'stein in the 
liver. Formaldehyde and a phenolic me- 
tabolite result. 

MORPinNAN SERIES 

The closest synthetic approach to the 
morphine structure has been the syn- 
thesis of Tnoipliinaii derivatives. The 
skeleton of morphine minus the alicych'c 
hydroxyl, the ether bridge and the 
double bond in the 7-8 position forms 
the basis of this series of compounds 
(Table IV.IS). The heterocylic ring (V) 
containing the nitrogen atom is arranged 
in the same manner and is in the same 
position as in morphine. The compound 
carries the phenolic hydrox)’!. The tydic 
oxygen ring found in morphine (V) ap- 
parently is not necessary for narcotic ac- 
tivity, since levorphanol is 5 times more 
potent an analgesic than morphine. The 
methyl group on the nitrogen atom ap- 


parently is essential since an ethyl or 
allyl group nullifies narcotic potency. A 
number of morpliinan derivatives have 
been prepared among which the most 
prominent are N-meUiyl morphinan, 3 
hydroxy N-methyl morphinan, 2 hydroxy 
N-methyl morphinan and 3 hydroxy N- 
l>enzyl morphinan. 

Levorphanol and RACEMoRPiiAN 
(DnoMoiUN) 

Tlie most important of the morphinan 
series is 3 hydroxy N-methyl morphinan. 
Tliis structure has three as^anmetric car- 
bon atoms. The racemic mixture is 
known as racemorphan (Dromoran). 
Racemorphan may be separated into its 
isomers by means of differential solubili- 
ties of its tartrates. The levo isomer, 
known os levorphanol, is llie active com- 
ponent. Tlie d,l mixture was originally 
used therapeutically. The levorphanol 
possesses twice the analgesic activity of 
the racemic form. The dextro isomer not 
only }jas no analgesic activity but is even 
believed to antagonize the respiratory 
depression and analgesic effect of the 
levorphanol. The dextro derivative is 
said to possess antitussive activitj’. 

Le^’orphanol is promptly absorbed 
when administered orally or after sub- 
cutaneous injection. Maximum analgesia 
occurs witliin 60-90 minutes. About 2 to 
7% of the dose is excreted into the urine 
unchanged. Twenty to 40% is conjugated, 
presumably with glucuronic acid, after 
which tlie conjugate passes into the 
urine. The mechanism of detoxification 
varies from species to species. 

Levorphanol is prepared as the tar- 
trate which is a white, odorless, crj’stal- 
Une powder. The compound is stable to 
h’ght, heat, air and moisture. Solutions 
are slightly acidic having a pH range of 
3.4-4.0. It is sb'ghtly soluble in alcohol 
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and sparingly soluble in water. Tlie drug 
was introduced in 1953. The compound 
responds to the tests for phenols since 
the hydroxyl group on position 3 is 
phenolic. 

hlETIIOXYMORPinNAN 

The hydroxyl group in position 3 may 
be methylated to form methyl ethers 
(Table IV.18). Tliese methyl ethers have 
the same relationship to levorphanol that 
codeine has to morphine. The racemic 
methomorphinan is a mixture of the 
dextro and levo isomers. The levo isomer 
is the active component. This derivative 
is narcotic and resembles codeine in its 
pharmacologic behavior. The dextro 
component is inactive. It does, however, 
manifest antbtussive properties and is 
used for this purpose (Romilar). The 
racemic mixture is half as potent as the 
levo derivative. 

Dextromethomorphinan (Romilar) is 
prepared in the form of the hydrobro- 
mide. It is freely soluble in alcohol, but 
sparingly soluble in water. 

Levallorphan 

Replacement of the methyl group on 
the nitrogen atom of levorphanol by an 
allyl group results in a compound which 
is almost devoid of narcotic activity but 
appears to have considerable reactivity 
for the receptors for the narcotic in the 
medullary centers. This N-allyl deriva- 
tive is known generally as levallorphan 
(Lorfan). Levallorphan is capable of dis- 
placing more poter7t narcotics, such as 
morphine, levorphanol from the respira- 
tor)' centers and thus acts as an antago- 
nist (Chap. 24). 

BENZMORPHAN SERIES 

PlIENAZOCIXE 

Further modification of the phenan- 
threne ring may lead to synthesis of 


a series of derivatives known as the 
benzmorphans of which the most impor- 
tant is phenazocine. In the benzmorphan 
nucleus ring III of the morphinans and 
morphmoids has been eliminated (Table 
V.18). A methyl group remains as a resi- 
due of this ring to maintain the qua- 
ternary carbon atom which is essential 
for narcotic activity. Ring V is formed 
and attached in the same way as it is in 
morphine. The nitrogen atom on the di- 
methylene containing ring is the same as 
in morphine. The 2-hydroxy-2-5 dimethyl 
6, 7 benzmorphan is only one-fifth as po- 
tent as morphine. A methyl group in po- 
sition 9 of ring II gives a structure which 
approximates that of methyl morphinan. 
By altering the substituent on the nitro- 
gen atom so that a phenyl ethyl group 
replaces the methyl, the potency is in- 
creased to ten times that of morphine. 
This derivative is phenazocine (Prinadol, 
NIH 7519). Actually this compound is 
morphine minus ring III which is re- 
placed by a methyl group, minus the 
etlier linkage and the alicyclic hydroxyl. 

PIPERIDINE SERIES 
Meperidine (Demerol) 

Sfnicfwre 

A number of synthetic narcotics are 
derived from N-methyl piperidine. The 
first to be prepared, the most widely and 
best kno^vn in this group is meperidine 
(Demerol) (Table Vl.lg). Eisleb and 
Schaumann described its synthesis and 
pharmacological properties in 1939, 
These workers were in search of a com- 
pound with anticholinergic properties 
which would block the action of acetyl 
choline, as does atrophine. The drug is 
also known as pethidine, dolantin, eudo- 
lat and isonipecaine. 

Meperidine is derived from a hydro- 
genated pyridine structure. The nitrogen 
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TABLE Vr.18 
PiPEBiDiNB Series 



iit. 


Pipcndino Meperidine Nor-^fcperidIn<» 



Anllpridme 

(Lentino) 



N 

in. 


Alphsprodine 

(Nisentil) 


Ethoheptazine 

(Z&ctiria) 


atom is in the ring. A methyl group is 
present on the nitrogen atom as it is 
on the majority of the narcotics. A 
phenyl group is present on tlie carbon in 
position 4. In addition carbon 4 carries a 
carboxylic group which is esterified with 
ethyl alcohol. Carbon 4, therefore, is the 
quaternary carbon so essential for nar- 
cotic action. The carbonyl group of tire 
carboxyl radical is the electrophilic car- 
bon atom. Tlie nitrogen atom in piperi- 


dine is separated from tlie quaternary 
carbon in position 4 by two carbon 
atoms. The structure of meperidine 
therefore conforms to the configuration 
alleged to be essential for narcotic ac- 
tivity. The structure of meperidine may 
be xvritten in a variety of ways so that it 
can be made to bear some resemblance 
to morphine, to atropine and to the gen- 
eral configuration characteristic of local 
anesthetics. 
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Meperidine exhibits a narcotic action 
with a marked analgesic component and 
a mild sedative effect, a spasmolytic 
effect on smooth muscle like papaverine, 
a feeble local anesthetic action like co- 
caine, and anticholinergic action like 
atropine. Tlie resemblance of meperi- 
dine to morphine is strongest when the 
nitrogen-containing heterocyclic ring in 
morphine is written to have a piperidine- 
like configuration. Cocaine and atropine 
both have similar cyclic structures. They 
both have a five-membered ring fused 
with a six-membered ring in which the 
nitrogen atom is common to both rings. 
The six-membered ring is a piperidine 
ring. 

Properties 

Meperidine is a stable, while, crystal- 
line powder. It is odorless, readily solu- 
ble in water and aqueous acid solutions. 
The drug forms salts with acids and is 
dispensed as the hydrochloride. The salt 
is stable at room temperature. Aqueous 
solutions have a pH of 6 and do not de- 
compose on boiling. 

Distribution and Metabolism 

Meperidine is readily absorbed from 
the intestinal tract and from subcutane- 
ous and intramuscular tissues. Approxi- 
mately 5% of a therapeutic dose is ex- 
creted unchanged in the urine, 5% in the 
form of normeperidine (demethylated at 
the nitrogen atom), 12% as the de-esteri- 
fied acid and 12% as the de-esterified 
normeperidine. The liver plays the domi- 
nant role in the inactivation. Duration of 
hypnosis is prolonged in hepatectomized 
animals. The enzyme responsible for the 
hydrolysis is distinct from the cholin- 
esterases, the tropine esterases and the 
aliphatic esterases. Tolerance does not 
alter the role of metabolic alteration. 


Distribution studies in animals reveal 
no extensive localization in any tissues. 
Accumulation does not occur in the 
body. Ten hours after administration 
none is detectable in the plasma. The 
decline in plasma levels averages 17% 
per hour after an intravenous injection. 
The method and rate of meperidine de- 
toxification varies with the species. 

A number of closely allied derivatives 
are made by altering the meperidine 
structure. Introduction of a hydroxyl, 
mefhoxy or amino group info the pheny/ 
radical attached on the 4 position of the 
piperidine ring diminishes potency. One 
compound (bemidone), however, in 
which there is substitution of a hydro^l 
group in the 3 position of the phenyl 
group is equal in potency to meperidine. 
The ethyl ester is the most effective com- 
pound. Esterification with alcohols of 
higher molecular weight other than ethyl 
diminishes potency. Substitution of 
groups other than methyl on the piperi- 
dine ring diminishes potency, unless it is 
an ethyl-phenyl, which seems to increase 
potency. The phenyl radical on carbon 4 
is essential for narcotic activity. Replace- 
ment of the phenyl group hy benzyl or 
naphthyl groups diminishes potency. The 
presence of the acyloxy radical, 

O 

C— 0— Lr) 

on carbon 4 is essential. Shifting the 
phenyl and the acylo.xy groups from po- 
sition 4 to another position on the piperi- 
dine ring, for example, to position 2, 
nullifies narcotic activity. The presence 
of a carbon to carbon union between 
carbon 4 and the acyloxy group results 
in less potent compounds than a carbon 
to oxygen linkage. Tlius, alphaprodine 
(Nisentil) which has an oxygen to carbon 
linkage. 
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^0-C-C,Tr„ 

( i 0 


is more potent than meperidine which 
has a carbon-carbon linlcage on car- 
bon 4, 



Replacement of the ester side chain by 
a ketone group increases potency. Re- 
placement of the ester side chain in 
bemidone results in ketobemidone 
which is twenty times more potent than 
bemidone or meperidine, but far more 
addicting. 

Enlarging the ring in meperidine so 
tliat it has seven instead of six members, 
results in a derivative known as azocy- 
cloheptane. Such a seven membercd ring 
carrying the same substituents on the 
ring as meperidine (Zacterin) has some 
analgesic potency but less than that of 
codeine. The compound Is non-addict- 
ing, non-hypnotic and does not cause 
euphoria. It has a central carbon atom, 
the amino nitrogen and the methylene 
chain connecting tlie active components. 

Alphaprodine (Nisentil) is the re- 
versed ester of meperidine. In other 
words, the hydroxj’l group which takes 
part in the esterification is on the 4 po- 
sition of piperidine instead on the ethyl 
group. Ihe piperidine nucleus acts as 
the alcohol which is then esterified svitli 
propionic acid. Thus, the 4 carbon is at- 
tached to the ester linkage by an ojygen 
atom instead of by a carbon atom as in 
meperidine. In addition a methyl ^oup is 
present on position 3 of the piperidine 
nucleus (Table VI.15). The compound, is 
racemic so that a beta form is also avail- 


able. Tlie beta form may be resolved by 
means of tartrates into the levo and dex- 
Iro components. TJie compound is several 
limes more potent than meperidine but 
shorter lasting. It is less effective orally 
than parenterally. 

Anileridipje (LcnrnNE) 

It has been generally accepted that 
the methyl group on the nitrogen atom 
confers optimal activity on all potent 
narcotics. It has since been shown that 
substitution of a phenyl ethyl group for a 
methyl confers increased activity to cer- 
tain compounds (Table V.18). This led 
to the synthesis of a compound known 
by tlie generic name of Anileridine. 
Structurally it is similar to meperidine 
with the exception that the methyl 
group is replaced by a phenyl ethyl 
group (Table V.15). An amino group ap- 
pears on the 4 position of the phenyl in 
this side chain. The analgesic potency is 
approximately hvo and a half times that 
of meperidine and appro-ximately one 
fourth that of morphine. 

METHADONE SERIES 

MEmiADONE 

During World War II methadone, a 
member of a series of compounds num- 
bered I.G. 10820 of the I. G. Farben in- 
dustrie of Germany, was used exten- 
sively as an analgesic. This compound is 
an aromatic and amino substituted hep* 
tanone. At first glance its structure ap- 
pears to be unrelated to the morphinoids 
and compounds in the piperidme series. 
Closer examination of its structure re- 
veals, however, that the groupings essen- 
tial for narcotic activity are present in 
this compound also (Table VII.18). Car- 
bon 4 in the heptane chain carries two 
phenyl groups; carbon 3 a ketonic oty- 
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TABLE VII.18 
McniADONE Sebies 


CH,— CH,— CHr-CH— 


iilni, ''rai. 


Methadone 

d, 1, or dl, dimethyl anuno 
diphenyl heptanone 


OV/ CH, 

CH,— CH,— L'c— CH— CHr-N"^ 


d, 1, or dl, dimethyl amino 
diphenyl methyl hexanone 


O n-C-CH— CHz— N' 




A 

Propoxyphene (Darvon), dimethylamino 
amino methyl butanol propionate 


gen atom and carbon 6 an amino nitro- 
gen which has hvo methyl groups. Car- 
bon 4, the quaternary carbon, is sepa- 
rated from the amino nitrogen by the di- 
methylene chain ( — CH* — CHs— ) which 
is deemed essential for narcotic activity. 
It also carries two phenyl groups 
which give the essential bulkiness to 
the molecule. These are attached to the 
ketonic bearing electrophilic carbon 
atom. Carbon 4 is asymmetric; therefore, 
the compound is optically active. The 
levo isomers are active derivatives; the 
dextro are not. The analgesic potency of 
methadone approximates that of mor- 
phine, Methadone is a base which forms 
a hydrochloride which consists of a pow- 
der composed of colorless, white crys- 
tals. It is very soluble in water. Solutions 
have a pH of 6.0. The compound is sta- 
ble in air. Methadone is metabolized in 
the body presumably by the liver. Six to 
12% of single doses administered sub- 
cutaneously in humans are excreted into 


the urine. Some is excreted into the bile 
and hence into the bowel. 

MExnAnoLS 

Reduction of the ketonic group with 
hydrogen converts the compound to an 
alcohol known as methadol. The alcohol 
is less potent than the ketone. The al- 
cohol may be separated into an alpha 
and a beta component and each of these 
has a dextro and levo isomer. Acetyla- 
tion of the alcohols forms acetmethadol. 
Tliis is more potent than methadol and 
other substituents, but appears to be 
more toxic than methadon. 

ISOMETriADOXES 

A series known as the isomelliadones 
differs from the methadones in the place- 
ment of a methyl group closer to carbon 
4. Levo and dextro isomers are known. 
The isomethadones are analgesic, less 
toxic and less addicting than the normal 
derivatives. 
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Dextoophopoxyphexe (Darvon) 
Dextropropoxyphene is a base whidi 
possesses analgesic potency similar to 
codeine. The compound is a tertiary 
amino ester o£ propionic acid. It bears 
no resemblance to tlie morphinoids, mor- 
phinans, benzmorplians or piperidine 
type compounds. Although not related 
to the methadones, it resembles these 
more than any other groups mentioned 
in the previous discussion. Chemically it 
is dimethyl amino 1, 2, diphenyl 3, meth- 


yl-2-butanol propionate. Its structure 
fulfllls tlie requirements of a narcotic 
having an amino group on a dimethylene 
chain attached to a quaternary carbon, 
with a phenyl group and an electrophilic 
carbon. The compound is believed to be 
non-addicting but does relieve to a h’m- 
ited extent the sj-mptoms of withdrawal 
In narcotic addicts. Tire toxicity is 
low. Its fate in the body is unknoxvn. It 
is absorbed from the gastrointestinal 
tract. 



CHAPTER 19 


Amides, Ureides, and Barbiturates 


NITROGEN CONTAINING 
COMPOUNDS 

T he non-volatile central nervous 
system depressants described thus 
far have been aliphatic compounds, 
chiefly alcohols or esters. Nitrogen and 
cyclic structures have not appeared in 
the molecular structures. The com- 
pounds to be discussed presently are ni- 
trogen containing substances. Some are 
heterocyclic structures. Nitrogen con- 
taining central nervous system depres- 
sants are either amines or amides. The 
amino group is of less importance in the 
hypnotics and prominent in the narcot- 
ics. The non-narcotic depressants are 
amides, derivatives of amides or hetero- 
cyclic nitrogen containing structures. 
This chapter will deal principally with 
amides or their derivatives, the most im- 
portant of which are the carbamates and 
the ureides. 


AMIDES 

Amides are formed when the hydroxyl 
portion of a carboxyl group of an organic 
acid is replaced by an amino group: 

— C— OH — C— NH, 


Amides possess no hypnotic activity un- 
less one or more hydrogen atoms of the 
amino group are replaced by alhyl, aiyd, 
or acyl radicals to form substituted 
amides. Acids with two carbo.tj’I groups 
mav have each hydroxyl of the carboj^I 


group replaced by amino groups to form 
diamides. Substituted amides of both 
monocarboxylic and dicarbo.xylic acids 
have been prepared but are unimportant 
clinically and, therefore, will be passed 
over in this discussion. Carbonic acid, 
though not a carboxylic acid, behaves 
like one. It acts like a dicarboj^Iic acid 
and yields two hydrogen ions, It, there- 
fore, forms both a monoamide and a di- 
amide. The structure of carbonic acid is 
often represented graphically as follows: 


OH 


\ 


One hydroxyl group may be replaced by 
an amino group to form the monoamide, 
NH: 

\ 

c=o 

/ 

OH 


or carbamic acid. ^Vhen both hydroxyls 
are substituted, the diamide, 

NHs 



or urea results. The hydrogen of the hy- 
droxyl group of carbamic acid ionizes to 
form hydrogen ions. Carbamic acid is 
esterified with various aliphatic and cy- 
clic alcohols to form important central 
ner%‘Ous sj’stem depressant drugs. 

The diamide, of carbonic acid is urea. 
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Urea, forms the basis of a variety of 
soporific, hypnotic, or anesthetic sub- 
stances. Urea by itself is non-hypnotic. 
Its chief use is as a diuretic and dehy- 
drating agent. The liydrogen atoms of 
the amino group of urea are replaced by 
radicals to form substituted ureas. Urea 
reacts with acids to form a class of com- 
pounds known as ureides of whicli the 
barbiturates, the hydantoins and the 
purines are important members. 

CARBAMATES (URETHANES) 
When carbamic *acid is esterified with 
monohydric aliphatic alcohols a group 
of compounds known as urethanes re- 
sults. The ester prepared from ethyl alco- 
hol, 

CjHr-0— C— Niij 

11 

known as ethyl urethane, is the simplest, 
most important member of this series of 
compounds. It is little used as a hypnotic 
in man because it is a comparatively 
weak hypnotic. It has been used to sup- 
press bone marrow activity. The potency 
of urethanes increases as the molecular 
weight of the alcohol used in the esteri- 
fication increases. The potency, likewise, 
varies with the type of alcohol used to 
form the ester. Esters prepared from sec- 
ondary alcohols are more potent than 
those formed from primary, while esters 
formed from tertiary alcohols are more 
potent than those formed from second- 
ary. Hedonal, a urethane formed from 
methyl propylcarbinol, a secondary alco- 
liol, was once a popular hypnotic. It has 
the following stiaictuie; 

H 

C,H,— i>-0-C— NH, 

k & 

Aponal, the ester of tertiary amyl alcohol 


(amylene hydrate) is more potent and is 
more effective clinically than hedonal, 
its isomen 

CH, 

C,Hr-i— O— C— NH, 

J. II 

CH, O 

Ilalogenaled alcohols also form esters. 
Aleudrin, the carbamic acid ester of di- 
cliloroisopropanol and Voluntal, the 
ester of trichlorethanol are more toxic 
and more depressant than urethane. The 
urethanes have gone unnoticed for many 
years. However, recently there has been 
a revival of interest in these substances 
and series of higher molecular weight 
compounds have been prepared. Ethin- 
amate (Valmid) is one of these. Struc- 
turally it is cyclo hexenyl carbamate. 
Esters of dihydric alcohols derived from 
propane have a tranquilizing effect. In- 
stead of exerting their primary effect on 
the cortex they depress the hypothalmic 
region. Among these are meprobamate 
(Equanil, Mjltown) and the dicarbamate 
ester of mephanesin. 

The exact fate of most urethanes has 
not been established. Approximately 20% 
of a therapeutic dose of urethane is me- 
tabolized, The remainder is excreted un- 
changed. The metabolized fraction is 
probably inactivated in tlie body by hy- 
drolysis to alcohol and carbamic acid. 
Carbamic acid is probably converted to 
and eliminated as urea. It is surmised the 
otlier urethanes are also hydrolyzed. The 
alcohols are either eliminated un- 
changed by the lungs or the kidneys, or 
are conjugated or oxidized to carbon di- 
oxide and water by some biochemical 
mechanism. 

SUBSTITUTED UREAS 
Urea is a white powder which is very 
soluble in water. Aqueous solutions are 
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feebly basic. Urea forms salts with min- 
eral and organic acids. Heat, bacterial 
fermentation, and enzymic hydrolysis 
convert urea to ammonia and organic 
carbonates. One or both hydrogen atoms 
of each amino group may be substituted 
by alkyl, aryl, acyl, or other radicals to 
form substituted ureas. These, as has 
been stated previously, possess hypnotic 
properties. However, they are of low po- 
tency or to.'dc and are, therefore, seldom 
used. Hypnotic properties are more ap- 
parent when the substituting groups are 
alkyl groups. Substitution of alkyl radi- 
cals derived from secondary alcohols re- 
sults in compounds of greater potency 
than those having radicals derived from 
primary alcohols. Radicals derived from 
tertiary alcohols confer greater potency 
than those derived from secondary. 
Hjort and co-workers compared the hyp- 
notic potencies of a homologous series of 
substituted ureas and found that the po- 
tencies increased approximately twofold 
for each addition of a CHj group in the 
aliphatic radical. Molecular weight is the 
determining factor in hypnotic effective- 
ness, Alkyl group substitution results in 
compounds which are effective, while 
the use of aryl groups does not. The sub- 
stitutions may be unsymmetrical (that is, 
on one amino group), or symmetrical 
(one substituent on each group). The 
isoalhjl ureas are less active physiologi- 
cally than normal alk}'l isomers. In a 
homologous series, the lethal and hyp- 


notic doses vary directly ^vith the water 
solubility and distribution coefficients of 
each member. The introduction of a car- 
boj^l or hydro^l group as the substitut- 
ing group decreases the potency, while 
halogenation, as is the case with other 
hypnotic drugs, increases the potency. 

Acyl-substituted ureas have been used 
clinically. Sedormid, or allyl-isopropyl 
acetyl-urea was once employed as a sed- 
ative, but was found to suppress bone 
marrow activity. 

Carbromed, or bromodiethylacetyl- 
urea was once included in the U.S.P. 

Bromural, likewise, was official. It is 
also an acyl derivative of a complex ali- 
phatic acid. Substituted ureas as a gen- 
eral group are not effective as hypnotics 
and are of little clinical importance. 

UREIDES 

Urea interacts with aliphatic carbox- 
ylic acids to form compounds known as 
ureides. One hydrogen of an amino 
group combines %vith the hydroxyl of the 
carboxyl to form an imide linkage 
— N— H 

I 

and a molecule of ^vater. Acids ha\’ing 
two carboxj’I groups form cyclic ureides. 
Both amino groups of the urea and each 
hydroxyl of both carboxyl groups of a di- 
carbo.xylic acid interact to form cyclic 
ureides. ^Vhen malonic acid and urea in- 
teract malonyl urea or barbituric acid is 
formed: 


Ri O40H » 

V I + 

R. C-tOH Hi 


H 

T I 


\ 

C 


O H 

11 I 

Ri C— X 

\/ \ 

c C=0 -f 2}JiO 

/\ y 

R, C—X 

11 1 


0 


H 


O H 
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HYDANTOINS 


Glycollylurea, or hi/rfanfotn, results 
from condensation of urea and glycoUic 
acid. The resulting five-membered ring 
structure is the basis of several impor- 
tant sedative and anti-convulsant drugs. 


Cl— »N— H 
,C^O 

-.i 


If the hvo hydrogen atoms attached 
to the carbon in position 5 are replaced 
by a phenyl and an ethyl group, respec- 
tively, phenylethyl-hy^ntoin, or nir- 
oanol, forms. If two plienyl groups are 
substituted, diphenyl-hydantoin, or di- 
lantin, forms. Both are drugs which de- 
press the central nervous system and act 
on the motor cells of the cortex. 

Oxalic acid, the simplest dicarboxylic 
acid, condenses with urea to form para- 
banlc acid or mesoxyl urea. 


BARBITURATES 


MALONIX UREA (BARBITURIC 
ACID) 

The more complex dicarboxylic acid, 
malonic acid, condenses with urea to 
form the important ureide, barbituric 
acid. Malonic acid may be considered as 
acetic acid with a hydrogen atom re- 
placed by a carboxyl group. The interac- 
tion of urea and the acid forms malonyl 
urea or barbituric acid, which is a six- 
membered cyclic ureide, and two mole- 
cules of water. Barbituric acid possesses 
no significant hypnotic properties. How- 
ever, some of the most important seda- 
tive and anesthetic drugs used in medi- 
cine today are derivatives of barbituric 
acid. 

RELATIONSHIP OF BARBITURATES 
TO PYRIMIDINES 
The pyrimidine bases, uracil, rytosine, 
and thymine which are found in plant 
and animal nucleic acids have the same 
ringlike arrangement of carbon and ni- 
trogen atoms as barbituric acid. These 
have a diiferent placement of oxygen 
and amino groups on the pyrimidine 
ring. 


SYNTHESIS OF BARBITURIC ACID 
Since barbituric acid forms the basis 
of many widely used, important hyp- 
notic drugs its synthesis merits detailed 
consideration. Malonic acid may be pre- 
pared by allowing monochloracetic acid 
to react with sodium cyanide. The cy- 
anide radical replaces the halogen to 
form cyanacetic acid: 

CHiClCOOH + NaCN 

-» CHjCNCOOH + NaC 

Cyanacetic acid is boiled with alkali and 
converted to the dicarboxylic acid and 
ammonia: 

CILCNCOOH + 2H,0 

CH,(cooH)s + mu T 

Tile cyanide radical, therefore, gives rise 
to the second carboxyl group. The reac- 
tion illustrates the classical method for 
adding carbon atoms or a carboxyl group 
to an organic compound. The malonic 
acid is then converted to diethyl ma- 
lonate because malonic acid is not as 
stable as the ethyl ester. The malonic 
ester reacts with urea in the presence of 
alcohol and sodium ethylate to form bar- 
bituric acid and ethyl alcohol. 
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MOLECULAR CONFIGURATION 
OF BARBITURATES 
The malonyl urea ring is numbered 
from the lower nitrogen atom in a coun- 
tercIock^vise direction (page 368). The 
hydrogen atoms on the nitrogen atoms 
in position 1 and 3 are referred to as 
imide hydrogens. For this reason bar- 
bituric acid is often referred to as a di- 
imide. The acidic properties character- 
istic of barbiturates are due to the imide 
hydrogens. Barbituric acid and its deriv- 


atives exhibit tautomerism and exist in 
two forms— the keto form, represented 
by the structure on page 268, and the 
enol form. In the enol form one imide 
hydrogen migrates to the adjacent car- 
bon group. An unsaturated linkage de- 
velops between one nitrogen atom and 
the carbon 2 (see Chap. 9). The hydrogen 
forms a hydroxyl with the oxj’gen in the 
urea residue. Barbiturates stabilize to the 
enol form by resonance of the p)Timidine 
ring. 


TABLE I.I9 

Babbituiutes — Cbemtcal Ttees 


o n 

«, u 

V ^c-o 

Ordinary or "O’cy” Barbiturates 
0 H 

U 




'C=0 

A i 

Spirobarbiturates 
O H 

R. U- 

V 

r/'^c-x/ 

h A 

Thiobarbiturates 
O II 

CH, 

h A 

SpirothiobarbUurstes 


0 R, 

R, U 


V 


K-Substituted “Oxy*' Barbiturates 
O Ri 
CH, Ji-i 

'^c/ '^ 0-0 

II I 

O H 

N-Subatituted Spirobarbiturates 


0 R, 
R U 

V '' 


I A 

N*Substituted Thiobarbiturates 
O R. 

CH, 

'^c—s 

A A 

N-Substituted Spirothiobarbiturales 
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H 


0 


Ci iC-OH 

/ \e * / 

II C— N 

a k 


ACIDIC PROPERTIES 
Tile hydrogen of the hydrojcyl group 
which results from the migration of the 
hydrogen from the nitrogen is acidic in 
nature. The electron attracting proper- 
ties of the two nitrogen atoms greatly in- 
crease the acidity of the C — OH group. 
Tlie compound dissociates in aqueous 
solution into a hydrogen ion and bar- 
biturate ion. Barbituric acid is even 


by alkyl, aromatic and lielerocyclic 
groups. Such replacements form a host 
of compounds, many of which possess 
hypnotic properties. 

PREPARATION OF BARBITURATES 
The preparation of substituted mal- 
onyl ureas (on position 5), is accom- 
plished by allowing malonic ester to re- 
act with alkyl halides. This yields the de- 
sired radical on carbon 5. The ester first 
reacts with ethyl bromide, for example, 
when an ethyl radical is desired. Then 
anoUier alkyl halide is used. The first hy- 
drogen is replaced by the etliyl radical 
If the methyl butyl radical is desired, as 
for example to form pentobarbital, 
methyl butyl bromide would be used. 
The reactions are represented as follows: 


TI COOCdh n COOCjIh 

\ / C,H»Br \ / 

C -i » C -{- NaBr 

/ \ Na / \ 

li COOC,H» C*Uj COOCdh 


stronger than acetic acid. The acidic hy- 
drogen may be replaced by alkaline 
metals, such as sodium, potassium or 
calcium to form salts. 

Positions 4 and 6 are occupied by oxy- 
gen atoms (carbonyl groups) which are 
the residue of the original carbo^q^l 
groups of malonic acid. Neither of these 
carbonyl groups is replaced by radicals 
in barbiturates. Tire hydrogen atoms on 
the carbon atom in position 5 are impor- 
tant since they are consistently replaced 


Tlie substituted malonic ester is then al- 
lowed to react with urea in alcohol and 
sodium ethylate. A substituted cyclic 
structure then forms. The reaction is rep- 
resented at the bottom of this page. 

RELATIONSHIP OF 
PHARMACOLOGIC ACTIVITY TO 
CHEMICAL STRUCTURE 
Potency varies with chemical struc- 
ture. If one hydrogen atom on position 5 
is replaced by a methyl group, methyl 


CjIIi COOCjH. 

nV 


CH, 


COOCiTI* 


O H 

C,H, C—'N 

(NH)jCO-^ n C C=0 + 204116011 

C,Ht-C n 

I II I 

cili 0 11 
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malonyl urea forms. The compound pos- 
sesses very little hypnotic activity. The 
dimethyl substitution, likewise, is feebly 
hypnotic. Although one ethyl and one 
methyl group increase the potency, the 
compound is still weakly hypnotic. 
When two ethyl groups are substituted, 
diethyl barbituric acid, or barbital, 
forms. This is sufficiently potent for clin- 
ical use. Barbital was first prepared by 
Conrad and Guthzeit in 1882 but was 
not used as a hypnotic until rediscovered 
by Fischer and Dilthey in 1903. These 
latter workers conducted extensive syn- 
theses with barbituric acid. As the num- 
ber of carbon atoms in the substituting 
groups on 5 position increases, the po- 
tency of the resulting barbiturates in- 
creases. The compounds which have 
proved to be the most useful have a total 
of seven or eight carbon atoms on the 5 
position. As a rule, a compound with a 
short and long chain, as for example an 
ethyl and an amyl radical, is more potent 
than one with two medium length 
chains, as for example a propyl and bu- 
tyl. Potency invariably increases with an 
increase in molecular %veight regardless 
of the arrangement of radicals. Toxicity 
parallels potency. In other words, the 
margin of safety does not decrease as 
potency increases. However, beyond a 
molecular weight of 250, toxicity begins 
to increase out of proportion to clinical 
efficacy and the margin of safety be- 
comes narrowed. Generally, as potency 
increases duration of action is shortened. 

OTHER TYPES OF 
BARBITURATES 

Besides tlie ordinar)' barbiturates re- 
ferred to as ^^barbiturates, other types 
may be formed. Substituted ureas may 
be used in the condensation. This gives 
rise to N-substiluted ureas. Thiourea 


may be used instead of urea to form 
thiobarbiturates, as may substituted thio- 
urea to give N-substituted thiobarbituric 
acid. Several thousand compounds are 
thus possible which fit into the general 
class of barbiturates. Of these several 
hundred have been prepared of which 
only several dozen are useful clinicall)'. 

NOMENCLATURE 

Barbiturates are named according to 
the group substituted on the ring. Inas- 
much as hvo substituents may appear on 
carbon 5, one substituent has placed be- 
fore it the number 5 indicating its loca- 
tion on carbon 5, and the other 5', in- 
dicating that the substituent occupies 
the other position on carbon 5. Thus, 
barbital is referred to as 5-5' diethyl bar- 
bituric acid. Sometimes the term malonyl 
urea is used instead of barbituric acid. 
The generic names of barbiturates of all 
types have the suffix “al.” The ordinary 
or “oxy” barbiturates are named with a 
prefix suggesting the name of the most 
prominent aliphatic radical on carbon 5 
on the word barbital. For example, amo- 
barbital (Amytal) has an isoamyl group 
and an ethyl group; pentobarbital a 5 
carbon (methyl butyl radical) and an 
etliyl radical. The 5 carbon radical is 
used to name the compound. 

VARIATION IN POTENCY DUE 
TO DIFFERENT TYPES 
OF RADICALS 
Alkyl Radicals 

Tile radicals on carbon 5 of the clin- 
ically useful barbiturates are largely of 
the aliphatic type. 

Aromatic 

Aromatic substituents appear infre- 
quently. Phenobarbital, or 5-5' ethyl 
phenyl barbituric acid is the most im- 
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Common A'amej 



374 


Chemistnj and Physics of Anesthesia 


portant aromatic substituent. Two 
phenyl groups substituted on the 5^' 
position render a compound ineffective 
as a hypnotic. The intervention of a car- 
bon atom between the phenyl and 5 car- 
bon (for example, the benzyl group, 
which is directly attached to the 5 car- 
bon) produces compounds which have 
convulsive properties. It is possible by 
making slight changes in some barbitu- 
rates to produce convulsants instead of 
depressants. 

BiiANcinNc or Chains 

Barbiturates whose alkyl radicals are 
derived from secondary alcohols are 
more potent than those having substi- 
tuents derived from primary alcohols. 
Pentobarbital and amobarbital are iso- 
mers, each having an ethyl and an amyl 
group on carbon 5. The five carbon radi- 
cal in pentobarbital is derived from the 
secondary alcohol, methyl bubmol. 



Unsaturation 

One or both radicals may be unsatu- 
rated in which case potency is enhanced. 
The vinyl group, HzC = CH— and the 
butenyl group, HsC = CII — CH* — 
CHj — are less prominent than the ally! 
group, HsC=CH — CHa — . Two allyl 
groups on carbon 5 results in dial (5-5' 
diallyl barbituric acid). Unsaturalion in 
a cj'clic radical likewise increases po- 
tency. Cyclohexenyl substituents are 
more potent than cyclohexanyl. 

Halocenation 

Halogenation of alkj-l radicals also in- 
creases potency and intensity of action 
Bromine is the halogen most often 
found. Compounds containing chlorine 
have not been found clinically useful 
thus far. Tlie halogen atoms usually ap- 
pear on one but may be placed upon 
both 5-5' substituents. Pernoston, which 
is 5-5' butyl-P-bromoallyl barbituric 
acid, is the most familiar of these. Tlie 
halogen does not enter directly Into the 
pyrimidine ring nor does it replace any 
group on the ring of the barbituric acid. 


Tliat in amobarbital (Amytal) is derived 
from tlie primary alcohol, isoamyl alco- 
hol: 



Pentobarbital has twice the potency of 
amobarbital. The secondary all^I group 
also possesses an asymmetric carbon 
atom and, therefore, confers optical ac- 
tivity to the compound (Chap. 9). 
Branching the chain increases tl»e po- 
tency. Thus, amobarbital is more po- 
tent than the compound having an n- 
amyl radical. 


Aucyclic Kadicals 

An alicyclic group may replace a hy- 
drogen atom on the 5 carbon position. 
Such 3 substitution gives rise to com- 
pounds which are more potent than 
tJiOse which have a like number of car- 
bons arranged in a chain. An example of a 
barbiturate with alicyclic radicals is cy- 
clohexenyl-ethyl barbituric acid, or pha- 
nodom. 

SPIROBARBITURATES 
The two substituents on carbon 5 may 
be arranged to form a ring. Carbon 5 
then is common to both rings, the py- 
rimidine and the substituent. A series of 
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such compounds consisting of spiro- 
hexanes, spiropentanes, spirobutanes and 
spiropropanes have been prepared whidi 
possess hypnotic activity. Anesthetic ef- 
fects were noted when two substituents 
were introduced into the spirohexane, 
butane and pentane rings. However, side 
actions were encountered so they have 
never gained widespread usage. Spiro- 
barbiturates have also been prepared 
with thiobarbituric acid. (Table 1.19) 

N-SUBSTITUTED BARBITURATES 

One imide hydrogen (on position 1 or 
3) may be replaced by an alkyl group. 
The resulting barbiturate is referred to 
as a nitrogen (N-) substituted compound, 
since the replacing group is on a nitro- 
gen atom of the urea residue. Such 
compounds are synthesized by using 
methyl or ethyl ureas. Other substituents 
could be used but the the N-methyl de- 
rivatives are the most suitable of this 


enyl-methyl barbituric acid. N-metbyl 
barbiturates of high molecular weight, 
as will be discussed later, are classed as 
ultra short-acting compounds. The num- 
ber of N-methyl derivatives which have 
been prepared and investigated experi- 
mentally to date for clinical purposes is 
limited. N-methyl barbiturates tend to 
manifest neuromuscular activity prob- 
ably due to a central excitant effect. The 
presence of the radical on the nitrogen 
atom tends to shorten the action. As the 
group lengthens stimulation becomes 
apparent. Alkylation of both the 1 and 3 
positions results in convulsants. 

THIOBARBITURATES 
Sulphur replaces oxygen in many or- 
ganic components. In urea, such a re- 
placement results in thiourea. The use 
of thiourea in the condensation with ma- 
lom'c acid gives rise to a series known as 
thiobarbiturates. 


H COOH NH, 

V + 

/\ / 

H COOH NH, 


0 H 

u 


\_ 


H 

. V 

i/Vn/ 

il I 

0 H 


o=s 


series, clinically speaking. N-subsliluled 
barbiturates have, in addition to the ali- 
phatic radical on the nitrogen, two sub- 
stituents on the 5 position. Thus, three 
alkj’l groups are present on the ring. As 
is the case with other barbiturates the 
potency of N-methyl barbiturates in- 
creases with the molecular weight. Tlie 
best known and one of the earliest to be 
introduced of the N-substituted barbi- 
turic acids is hexobarbital (Evipal), The 
chemical name is N-methyl-cyclohex- 


Thiobarbituric acid (thiomalonyl urea) 
has identical replaceable atoms and 
gives rise to a series of compounds simi- 
lar to the barbiturates. Both hydrogen 
atoms in the 5 position are replaced by 
aiy'I, alkyl, or cyclic radicals. Tlie thio- 
barbiturates, like the oxybarbiturates, 
possess narcotic potency. Fischer and 
Dilthey were also the first to study 
the thiobarbiturates. However, they pre- 
pared the diethyl and other low molecu- 
lar weight derivatives and found them 
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to be toxic. Therefore, they discontinued 
further study. Nothing furtlier was done 
until interest in these compounds ^vas 
revived in tlie early 1930’s when higher 
molecular weight derivatives were syn- 
thesized. These are more potent and less 
toxic tlian the lower molecular weight 
structures. 

A number of thiobarbiturates have 
been prepared which are effective for 
clinical use. The most important of these 
are tlhopenlobarbital (thiopental), thia- 
mylal (Surital) and allyl-cyclohexenyl 
thiobarbituric acid (Kemithal). 11110- 
pental (Pentothal) is the thio analogue 
of pentobarbital (Table 11.19), Tliiamylal 
(Surital) is the thio counterpart of seco- 
barbital. Thioethamyl, or isoamyl-ethyl- 
thiobarbituric acid, is the analogue to 
isoamyl-etliyl-barbituric acid, or amytal. 
The replacement of oxygen by sulphur 
increases narcotic potency. The position 
of the sulphur is indicated by placing a 2 
before the prefix thio. It would be possi- 
ble for the sulphur to be on the 4 or 6 
position since these also are occupied by 
oxygen atoms. Thio derivatives are rapid 
acting drugs. 

SwnxESxs ov 

The formation of thiobarbiturates is 
accomplished by condensation of thio- 
urea with malonic acid. The synthesis is 
carried out in the same manner as that 
of oxygen analogues except that thiourea 
is used instead of urea. Thiourea is re- 
fluxed with the desired alkyhsubstituted 
malonic ester in an alcoholic solution of 
sodium ethylate to form the substituted 
thiobarbituric acid. 

PHARMACOLOGIC TYPES OF 
BARBITURATES 

Barbiturates are usually classed from 
a pharmacologic standpoint as long act- 


ing, intermediate acting, short acting and 
ultra short acting according to their po- 
tency and duration. Relationships of po- 
tency to chemical structure have already 
been alluded to and are summarized in 
Table 11.19. 

CHEMICAL PROPERTIES OF 
BARBITURATES 

The oxygen analogues of barbiturates 
are bitter tasting white crystals or pow- 
ders. Solutions are colorless. Barbiturates 
are sparingly soluble in. water. Aqueous 
solutions are acid to indicators. Barbi- 
turates form salts with bases of sodium, 
potassium or calcium hydroxide. The 
salts of barbiturates are more soluble in 
water than arc the acids. The acid form 
of a barbiturate is soluble in organic sol- 
vents, such 05 chloroform, benzine, alco- 
hol and ether. The sodium salts of bar- 
biturates are salts of weak acids and 
strong bases. They hydrolyze, therefore, 
in water to form highly alkaline solutions. 
Solutions of sodium salts have a pH be- 
tween 9 and 11. Barbital, if combined 
with an acid, may be used as a buffer In 
chemical analytical procedures. 

The thiobarbiturates are yellow tinted 
hygroscopic powders with a hitter taste 
They too form sodium salts which are 
soluble in water, highly alkaline and in- 
soluble in Organic solvents, such as ben- 
zine and ether. Tlie free acid is easily 
precipitated from solutions of salts by 
most acids. Even a feeble acid, such as 
carbonic acid precipitates the base. 
Sodium carbonate (SS) is added to 
thiopental to afford some buffering ac- 
tion and to prevent the free acid from 
precipitating in aqueous solutions by at- 
mospheric carbon dioxide. Carbon di- 
oxide in fact is used to precipitate the 
acid during preparation for punfica- 
tion. 
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STABILITY 

Barbiturates are stable in the dry form. 
They are not stable when exposed to air 
or heat or light. Most barbiturates are 
hygroscopic and absorb moisture from 
the air which hastens their decomposi- 
tion. Preservation is best accompUshed 
by storing in sealed ampules, dark bot- 
tles, or colored capsules. Solutions of 
barbiturates are unstable and decom- 
pose rapidly upon standing. Boiling an 
aqueous solution quickly converts the 
barbiturate to ammonia, carbonic acid, 
and other nitrogen containing com- 
pounds. The resulting by-products vary 
with temperature, concentration of the 
drug, alkalinity and so on. Changes oc- 
cur gradually when a solution is allowed 
to stand for some time. Solutions of bar- 
biturates must be freshly prepared using 
sterile powder and water. They cannot 
be sterilized by boiling. 

Barbiturates whose alkyl substituents 
are derived from primar)' straight chain 
alcohols hydrolyze upon heating and 
standing more rapidly than those having 
alkyl groups derived from secondary al- 
cohols. The sodium salt of diethyl barbi- 
turic acid (Barbital) in aqueous solution 
is 85% hydrolyzed in sixteen hours at 
100°C. Barbiturates whose alkyl groups 
are derived from secondary alcohols are 
only 25% hydrolyzed over the same lime 
interval. iTie products of hydrolysis of 
barbital have been identified as diethyl- 
acetyl urea, urea, carbon dioxide, am- 
monia, sodium carbonate, sodium bicar- 
bonate, sodium diethyl acetate, and so- 
dium diethyl malonate. 

Barbital may be sterilized by combin- 
ing it with 95% of the calculated amount 
of sodium hydroxide necessar)' to con- 
vert it to the sodium salt. The solution is 
then heated to 100°C. for the necessaij’ 
sterilization period. Only slight decom- 
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position occurs. The excess acid is fil- 
tered off and the solution is stored in 
sterile ampules for use for subcutaneous 
injection. Higher molecular weight bar- 
biturates decompose if boiled or treated 
in this manner, however. Propylene gly- 
col (10%) is used as a solvent for pento- 
barbital, Secobarbital is dissolved in pol- 
yethylene glycol (MW 300) to form a 
stable solution. Halogenation of the ali- 
phatic substituents of barbiturates does 
not confer increased stability. Thiobar- 
biturates in the powder form stored in 
sealed ampules filled with nitrogen keep 
indefinitely. A 5% solution of thiopental 
deteriorates steadily at room tempera- 
ture of 18®C. to 22'’C. as determined by 
verifying the melting point of the ex- 
tractable thiopental. Refrigeration at 5®- 
6®C. reduces the rate of deterioration. 
The variations in melting point increase 
as turbidity of the solution increases. It is 
felt that solutions should not be used 
after three days if stored at 18®C. and 
seven days at 5®-6®C. 

No correlation has been noted be- 
tween the rate and degree of hydrolysis 
of sodium salts of a barbiturate and the 
onset and duration of anesthesia. Like- 
wise, no correlation exists between the 
onset or duration of anesthesia and the 
sall/acid ratio at the pH for this ratio. 

PHYSICOCHEMICAL 
PROPERTIES AND NARCOTIC 
POTENCY 

There is some correlation between 
hypnotic efficiency of a barbiturate and 
certain physico-chemical properties, 
such as surface tension effects and ad- 
sorbability. 

Adsorption* 

Barbiturates are readily adsorbed on 
surfaces of activated charcoal and other 
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adsorbing substances. Tabem and Vol- 
willet demonstrated that barbiturates 
were adsorbed by activated cliarcoal. 
They observed, however, that adsorption 
is not quantitative. In a series of the 
commonly used barbiturates 792 to 962 
of the amount dissolved in 300 cc. of a 
0.122 solution was adsorbed. Adsorption 
has been utilized to recover barbiturates 
from aqueous solutions for analysis. 
Since adsorption is not necessarily com- 
plete, the value of this teclmique for 
quantitative analysis is questioned. 

ErrECT ON SunFACE Tension 
The ability of barbiturates to lower 
the surface tension of water, the increase 
in molecular weight and the increase in 
narcotic potency parallel each other. The 
surface tension of pure water at 28®C. is 
72.78 dynes per cm.* The changes in 
surface tension produced by certain bar- 
biturates are summarized in Table III.19. 
Narcotic potency of barbiturates in- 
creases up to a molecular weight of 250, 
beyond which toxicity increases more 
rapidly than potency. However, the abil- 
ity to lower surface tension increases 
witli the molecular weight beyond this 
point of maximum narcotic potency. This 


TABLE in.l9 

Effect of Certain Barbiturates cro.s the 
Surface Tetsiov op Water 



Upnts per 
aq. cm. 

%of 
That of 
Pure 
Water 

Dietti\l Barbituric Acid 

72 64 

99.7 

Sodium Diethyl Barbiturate. 

72 40 

99 5 

70.64 

96.9 


69.38 

95.2 

Iso Amyl Eth 3 ’I Barbituric 

61.36 

84.3 

Sodium Iso Amyl tttiyl tiar- 

6*) .25 

95.0 





72.54 


Sodium Ortal 

63.06 



fact casts doubt on the importance of 
surface tension as a mechanism for pro- 
duction of narcosis by barbiturates. 

Lipoid Solubtutv 

Barbiturates possess varying degrees 
of lipoid solubility, though they do not 
follow tlie Overton Meyer rule (Chap. 
27). The thiobarbiturates are more solu- 
ble in lipoids than the oxybarbiturates 
(Table IV .19). Tlie oil-water partition 
coefficient for tJu'opental is 4.7, tJiat of 
amobarbital 2.9 and that of barbital 
0.214. Penetration into the brain (pas- 
sage through the blood brain barrier) is 
closely allied to lipoid solubility. The 
more soluble in lipoids the more rapid 
the penetration appears to be. 

DISTBJBUTION IN TISSUES 
Barbiturates in general are distributed 
in all tissues of the body in a rather uni- 
form manner. The distribution, to a cer- 
tain extent, varies with tlie type of bar- 
biturate, After an intravenously admin- 
istered dose, a barbiturate disappears 
from the blood almost completely. How- 
ever, very minute, almost undetectable 
amounts circulate there for some time. 
The rate of disappearance varies with 
the size of the dose and structure of the 
molecule of the barbiturate used. The 
rate of disappearance is inversely pro- 

TABLE IV.19 

Distribution or Ultra Siiort-actinq Barbi- 
turates AND Other Intravenous Htp- 
NOTics Between Peanut Oil and 
Phosphate Buffer at pH 7.4 
(After Mark) 


% in Oil 

Hcxobarbital (Evipal) 

CG 

Thiopental. 

Keicithal . . 

95 

95 

Pobtrone ... 

95 

Thiamylal. . . . 

N-metnvl thiopental 

97 

99+ 

Methitural 
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portional to the dose. The amount ab- 
sorbed by a particular tissue is depend- 
ent upon the abundance of the blood 
supply to that tissue. The liver, muscle 
and various glandular organs remove the 
bulk of the barbiturates from the blood. 
This is especially true of barbiturates 
possessing high molecular weight alkyl 
substituents. 

Barbital injected in both sub-anes- 
thetic and anesthetic doses is equally dis- 
tributed in all body fluids and throughout 
various parts of the nervous system. It has 
been well established that there is no lo- 
calization of barbiturates in any subdivi- 
sion of the brain. Koppanyi and Dillie 
and other workers have shown that the 
distribution is uniform in all subdivisions 
of the brain. There is a lag in the uptake 
of barbiturates by the brain. The longer 
acting drugs show the greatest period of 
lag. ’Hiiopental shows the least lag. The 
peak is quickly attained wth thiopental 
(7 minutes) (Table IV.19). A lag is also 
noted in cerebrospinal fluid concentra- 
tions, It is longest with the long acting 
barbiturates and shortest with short act- 
ing barbiturates, such as pentobarbital. 
These are found in higher concentration 
in the nervous system than longer act- 
ing drugs, such as barbital. The thiobar- 
biturates are found in still greater con- 
centrations, These disappear from the 
tissue in a shorter time interval. This ini- 


TABLE V.19 

Biiaiv/Pi.asva CoNCE.vTTunov or Lvttuixxoos 
Baubiturates in Docs One Minute 
After Injection 


Thiopental 1.1 

Thiamj'IaJ J.2 

Keimthal...; 1.15 

N-methyl thiopental 1.7 

Ilexobarbital 1.0 

Dolitrone 1-32 

Mcthitural 0.90 


tial high concentration accompanying 
rapid acting drugs and the rapid disap- 
pearance are believed to explain the long 
and short action of these substances. The 
brain retains barbiturates longer than 
other tissue and apparently exerts less 
destructive action upon them than other 
tissues. This may be due to binding of 
the drug to the protein. Five per cent or 
more thiopental is bound to the protein 
of the brain. 

With the exception of barbital and 
phenobarbital, equilibrium between 
brain and blood is rapidly established 
with most barbiturates. Short acting bar- 
biturates pass into the brain with greater 
rapidity than longer acting. When long 
acting barbiturates, such as phenobarbi- 
tal and barbital, are administered the 
brain concentration rises gradually. As 
the concentration increases the neuro- 
logic effects progressively increase. Am- 
ple evidence exists that the lag in onset 
or latent period noted with barbiturates 
is due to the ease with which they pene- 
trate the so-called blood-brain barrier. 
Ultra short acting barbiturates, particu- 
larly thiobarbiturates were observed by 
Brodie, Mark and their associates to pass 
rapidly across the blood-brain barrier 
and to have a high uptake by the body 
fat. The rapid onset of action is due to 
the ease with which the drug enters the 
brain. The plasma concentration falls 
rapidly for the first 15-30 minutes 
after a single intravenous injection of 
thiopental after which the decline is 
gradual. The maximum tissue concen- 
tration is reached within one minute 
after injection and thereafter declines 
at a rate parallel to the plasma level in 
all tissues except muscle and fat. Tlie 
muscles attain equilibrium within fifteen 
minutes after injection. The maximum 
deposition in adipose tissues occurs 
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TAULH viaa 

LoCALIZATIOV of ISTRAVENOUa ANESrUKTICS 
IN PeRIKENAL ANU OuEVTAl ACIPORB 

Tissve (Tissue cqsc./pi-a^'** conc.) 


Ilexob.arhital (Evipal). 

3.5 

Kcmithal 

8.0 

Thiopental 

12.0 

Dolitrono. 

12.0 


15.0 

N’-mcthvl thiopental 

25.0 

Jlcthitural. 

. 18.0 


within Di-hours (Table VI.19). It is not 
complete until approximately four hours 
later. After an initial injection which es- 
tablishes equilibrium with most tissues, 
removal of the drug from the blood 
stream depends upon the dilfusion into 
fat which is slow, comparatively speak- 
ing, or by detoxification. Tlie period of 
narcosis is increased out of proporUon to 
the increase in dosage. Cumulative 
effects then appear, characterized by a 
delay in recover)'. The initial short ac- 
tion is due to the rapid uptake by the 
tissues. Large doses produce prolonged 
depression since equilibrium is attained 
between the plasma, brain and body tis- 
sues. The rate of metabolism is slow (10- 
12% per hour). Analysis of the fat depots 
in the perineural, omental and lumbar 
dorsal depots reveal concentrations 3i*- 
25 times the plasma level. Muscle and 
other tissues contain only S-D* times 
the plasma level. Lipoids after equilib- 
rium contain 50 limes as much as muscle. 
Other thiobarbiturates and hexobarbilal 
behave similarly. TJie arterial blood con- 
tains slightly more than the venous 
blood. 

PROTEIN BINDING 
Barbiturates become bound to the 
blood proteins when injected intrave- 
nously. The binding appears to be most 
pronounced with the albumin fraction of 
the plasma protein. The binding is re- 


versible and dependent upon the albu- 
min and the drug concentration in the 
ultrafiltrate. Compounds having all^l 
radicals of four or five carbon atoms are 
bound more strongly than those with 
shorter chains. The thio analogues are 
more strongly bound than the oxy mem- 
bers, As much as 60-70$ thiopental is ad- 
sorbed to the plasma proteins. Both bo- 
vine and human serum bind barbitu- 
rates. The degree of binding varies with 
the pH. It becomes maximal at pH 8.0 
for most barbiturates. Tire disappearance 
of barbiturates from blood was mis- 
takenly ascribed to rapid destruction 
since, for many j-ears, protein binding 
was overlooked. 

ELI>UNATION OF 
BARBITURATES 

Barbiturates are non-volatile sub- 
stances. They are, therefore, eliminated 
either unchanged by the kidneys, gastro- 
intestinal and SNveat glands or they un- 
dergo biotransformation and lose their 
identities. 

Long acting barbiturates, such as bar- 
bital and phenobarbital, are excreted un- 
changed into the urine. Others undergo 
varying degrees of change in the body. 
In general, barbiturates having less than 
three carbon atoms on tbe alkyl side 
chains are apt to be excreted unchanged. 
Derivatives having longer alkyl side 
chains are metabolized partly or com- 
pletely. The drug appears in the urine in 
traces after ordinary doses. After oral in- 
gestion barbital continues to be elimi- 
nated in small quantities over a period of 
ser'cral days. As much as 90$ of a thera- 
peutic dose may be recovered in the urine 
of animals in a five to seven day period. 
The rate of elimination and quantity ex- 
creted vary widely with dosage, mode of 
administration, method of extraction, 
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species under study and with the tech- 
nique of analysis. The slow elimination 
of the long acting barbiturate is ex- 
plained by the fact that it is retained by 
nerve tissue. Phenobarbital is also re- 
covered in the urine although in lesser 
quantities than is barbital. Four and one- 
half to 24% of the allyl isopropyl barbi- 
turic acid was recovered in the urine in 
three days. Quantities up to 30% of dial- 
lylbarbituric acid (Dial) were recovered. 
On the other hand, bromallyl isopropyl- 
barbituric acid (Pernoston) and isoamyl- 
ethylbarbituric acid (Amytal), which are 
shorter acting derivatives, are not re- 
covered in the urine after therapeutic 
doses. Traces of metabolic products in- 
dicating biotransformation may be de- 
tected, however. Twenty per cent of an 
ingested dose of Peroston is recovered 
in urine as an acetonyl barbituric acid. 
Thus, the generalization may be made 
that intermediate acting compounds are 
partly destroyed while the sliort acting 
are detoxified completely. Massive doses 
do, however, appear in the urine. Less 
than 1.5% thiopental appears in the urine. 

Reactions Involved in Deto.xificatio.n 
The metabolism, biotransformation, 
distribution and excretion of barbitu- 
rates has been followed in recent years 
by the use of radioactive isotopes. Thio- 
pental and other thiobarbiturates are 
studied using radioactive sulphur (S”) 
in the thiourea residue of the barbitu- 
rate. The oxygen analogues have been 
studied using in the urea residue. 

In general four tjpes of reactions ap- 
pear to be involved in the transforma- 
tion. These are (1) oxidation of the radi- 
cals in position 5, (2) loss of the N-alhyl 
radicals, (3) removal of sulphur from the 
thiobarbiturate and (4) disruption of the 
p)Timidine ring by hydrolysis. The most 


important of these is oxidation of the 
radicals in position 5. Pentobarbital, for 
example, appears to be converted, in 
part, to a hydroxy derivative. 

C 2 H 5 CO— NH 

\ / \ 

CH,— CH— CH,— C— C CO 

i 1 \ \ 

OH 1 H CO— NH 

CHi 


Brodie found 15% of a dose appeared in 
this form in the urine. Butisol is detoxi- 
fied in a like manner. Propallylonal forms 
a keto derivative. Thiopental is oxidized 
to a carboxylic acid. The carboxyl group 
is on the terminal carbon of tlie methyl 
butyl side chain: 


CjHs CO— NH 

\/ \ 

H C CO 

COOH— CHs— CHj^C'^ "^CO— NH^ 

'^CH, 


The resulting hydroxy keto and carbo.xy 
derivatives are non-hypnotic. 

Tlie N-alk-yl barbiturates are detoxi- 
fied by demethylalion. N-methyl pheno- 
barbital is partly converted to pento- 
barbital by demethylation. This is an 
example where both the metabolite and 
the parent compound exert a hypnotic 
effect 

The sulphur atom of thiobarbiturates 
is to a certain extent removable so that 
the compound is converted to an oxy- 
barbiturate. Thiopental is thus converted 
into phenobarbital. Studies using radio- 
active sulphur indicate 90% urinary ex- 
cretion of the sulphur. Some of the sul- 
phur is converted to inorganic sulphates, 
some to an organic, chloroform soluble 
substance and the remainder into an un- 
identifiable portion. 

Ample evidence exists that disruption 
of the p}Timidine ring occurs by hy- 
drolysis. Thiourea is found in the urine 
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after injection of thiopental and other 
barbiturates. Amobarbital undergoes dis- 
ruption of the ring. It lias been shown 
to break do^vn first to isoamylethylacctyl 
urea. This is then converted by oxida- 
tion to jsoamylelhyl acetamide and then 
to isoamylethylacetic acid. TIjese prod- 
ucts may be recovered in the urine. 
However, portions of these byproducts 
are converted by oxidation ultimately to 
carbon dioxide and water. Ultra short act- 
ing and short acting barbiturates are not 
ordinarily delected in the urine of man 
or animals following ingestion of thera- 
peutic doses. If massive doses are ad- 
ministered, however, most of the oxygen 
analogues appear in the urine. Tlie ultra 
short acting thiobarbiturates and the N- 
methyl type do not. Presumably this is 
due to tlieir retention by body fat and 
slow release for metabolism. ^Vhile bar- 
bital and therapeutic doses of long act- 
ing barbiturates are recovered in urine 
almost quantitatively, massive doses are 
not. When four or five times the thera- 
peutic dose of barbital is administered 
only 40% to 50% of the total amount ap- 
pears in urine. Apparently the body is 
capable of transforming barbital also, 
particularly when given in large 
amounts. 

ReNAI, TimESHOLD 

It has been suggested that a renal 
threshold exists for barbiturates. The 
drugs do not pass into the urine if the 
plasma concentration is low. Hie larger, 
lieavier molecules of tlie oxygen ana- 
logues, the N-methyl compounds and the 
tloiobarbiturates are more soluble in li- 
poid than the lighter molecules. In 
vitro studies using vegetable oils show 
moderate absorption (66%) of the mq^bar- 
biturates. The thiobarbiturates are 9S6- 
100% absorbed. Consequently they are 


more rapidly removed from the blood so 
that the level does not attain the thresh- 
old value. Wlien larger doses are given 
the blood level exceeds the theshold level 
and the drug then appears in the urine. 
Barbital possesses a low molecular weight 
and leans toward poor lipoid solubility. 
It is distributed equally between the body 
fluids and tissues and presumably has a 
low threshold. Traces of amytal and pen- 
tobarbital appear in the stools and sweat. 
Studies using radioactive sulphur indi- 
cate that less than 5% of thio derivatives 
appear to pass into the feces. 

Role of the Liver uj Detoxification 
The greater portion of a barbiturate is 
metabolized by the liver. Pratt first, and 
later others, showed that short acting 
barbiturates cause prolonged hypnosis 
w'hen administered to animals with liver 
injury. Duration of action of the long 
acting type was not influenced by he- 
patic dysfunction. The duration of hyp- 
nosis of short acting barbiturates, on the 
other hand, was uninfluenced by bi- 
lateral nephrectomy, or when experi- 
mental nephritis was induced in the ani- 
mals. Hypnosis was prolonged when a 
long acting barbiturate, as for example, 
barbital was administered in the pres- 
ence of renal damage. After ligation of 
the portal vein or hepatic artery of dogs 
to eliminate liver function the period of 
narcosis following the administration of 
thiopental is prolonged four or five 
times. The evidence presented by nu- 
merous workers that hepatic dysfunction 
prolongs the effects of thiopental and 
odier thiobarbiturates is convincing and 
quite suggestive that the major role in 
inartivation is played by the liver. Tlie 
rapid onset of action and short duration 
of the ultra short acting barbiturates 
have been ascribed to rapid destruction. 
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This, as has been previously mentioned, 
is not the case. The rapid onset of action 
is due to the ease of passage into the 
brain and the rapid uptake by tissues. 
Large doses, however, accumulate in 
the fat and produce prolonged depres- 
sion since equilibrium is attained be- 
tween blood, brain and fat. The rate of 
metabolism is slow, however. Thiopen- 
tal, thiamylal and other thiobarbiturales 
of similar molecular weight are de- 
stroyed at the rate of 10-20Z per hour. 
The plasma does not slowly destroy bar- 
biturates. Rapid disappearance from the 
plasma is accounted for by plasma bind- 
ing and tissue uptake rather than de- 
struction. 

Sliideman and his co-workers have 
studied the enzymes used by the tissues 
in the detoxification of thiopental. The 
results of these studies suggest that de- 
struction is not due to a direct action of 
a particular enzyme. Instead a chain of 
enzymatic reactions occurs which re- 
lease sufficient energy to attack the com- 
pound. It is not known definitely whether 
or not the energy utilized for the trans- 
formation of thiopental is derived from 
Krebs cycle o.xidaljons or from high en- 
ergy phosphate bond compounds result- 
ing from such oxidations. 

QUALITATIVE AND 
QUANTITATIVE ANALYSIS OF 
BARBITURATES 

The qualitative and quantitative anal- 
ysis of barbiturates in body fluids is oc- 
casionally necessary in clinical and in 
medicolegal problems. Numerous tests 
of a general nature are available for bar- 
biturates. Many are non-specific. Strong- 
ly heating a barbiturate, particularly 
with an alkali, causes degradation and 
yields ammonia and other amines which 
can be identified by odor. This reaction 
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is not specific for identification of barbi- 
turates because it is characteristic of 
many other nitrogen containing sub- 
stances. 

Barbiturates yield a white, voluminous 
precipitate when mixed with Millons 
reagent. This reagent is a mixture of ni- 
trous and nitric acids containing mer- 
curic nitrite and nitrate (usually pre- 
pared by dissolving mercury in nitric 
acid). The precipitate redissolves in an 
excess of reagent and a clear solution 
forms. Other biological substances 
chemically related to barbiturates, such 
as pyrimidines and purines, may give a 
similar response. The test, therefore, has 
limited applicability. 

Ureides respond to the mtirexide test, 
but this test, likewise, is not specific 
since purines and other biological sub- 
stances also respond to it. The murexide 
test is performed by evaporating a solu- 
tion of the suspected substances mixed 
\vilh an equal portion of concentrated 
nitric acid on a watch glass over a water 
balli. A violet coloration results upon ap- 
plication of a drop of concentrated am- 
monium hydroxide to the residue. Han- 
dorf propa'^ed this test for the detectioji 
of barbital. 

Cobalt Color Reaction 

A widely accepted test for defection 
of barbiturates employs the so-called 
cobalt color reaction. Cobaltous com- 
pounds dissolved in an anhydrous medi- 
um form a violet colored organo-metallic 
compound with barbiturates if the mix- 
ture is made alkaline. Zwicker used co- 
baltous chloride in absolute methyl alco- 
liol as the reagent. The barbiturate, also 
dissolved in alcohol, is then added and 
the mixture made alkaline with barium 
methylate (BaOCHs). Bodendorf used 
1% cobaltous nitrate and potassium by- 
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droxide in alcohol as the alkalizing me- 
dium. Koppanyi used cobaltous acetate 
in anhydrous methyl alcohol and isopro- 
pyl amine to make the mixture alkaline. 
The interaction is quantitative. Tlie 
depth of the color varies with the con- 
centration of barbiturate. The colorim- 
eter may thus be used to estimate the 
barbiturate. There are, however, some 
drawbacks to the method for quantita- 
tive estimation of barbiturates. First, the 
reaction is not absolutely speciBc for bar- 
biturates. The color results from the in- 
teraction of the imide hydrogen atom of 
the barbiturate molecule and the cobalt 
ion. Other biological substances of the 
purine type, such as uric acid and crea- 
tine, creatinine and so on, which possess 
one or more imide hydrogens, may re- 
spond positively. However the lest be- 
comes selective for barbiturates at the 
pU range obtained by using sodium 
ethylate as tiie alkalizing agent The re- 
sponse then is positive only to dhmidcs. 
Second, the intensity of the color in- 
creases as the quantity of cobalt ion and 
sodium ethylate is increased. A certain 
point is reached beyond which no fur- 
ther increase in depth of color occurs. 
Tlie ratio of the cobaltous ion to the di- 
jmide substance necessary to produce a 
maximum of intensity in color is 1 to 8. 
The combination of the cobalt and the 
barbiturate is effected through the eight 
coordinate valences of cobalt. Third, the 
dispersion medium must be anhydrous, 
<Hher\vise a precipitate of cobaltous Jiy- 
droxide occurs. Fourlli, the cobalt color 
reaction is characteristic of all barbitu- 
rates and is of no value in differentiating 
between or identifying individual barbi- 
turates. Barbiturates also form colored 
complexes tvith copper salts. 

Koppanyi’s procedure, which utilizes 
l.Oo cobalt acetate and 5S isopropyl 


umine dissolved in absolute methyl alco- 
hol, is the more widely used of the nu- 
merous modifications of the cobalt reac- 
tion. Twelve cc. of tlie color free chloro- 
form extract are mixed with 1 cc. of a 
0.1 N cobalt acetate solution. This is fol- 
lowered by 1 cc. of 0.6 N isopropyl amine. 
The color is matched in a colorimeter 
with standards prepared from kno^vn 
concentrations of the suspected barbi- 
turate. The strength of the standards 
should approximate concentrations of 
the unknown. All manipulations should 
be executed in the same manner and at 
the same time. The same interval of time 
should elapse between addition of solu- 
tions; otherwise, variations in depth of 
color ma)' occur or there may be changes 
in endpoints. 

Response of Thiobarditurates 
Thiobarblturates respond to afore- 
mentioned tests in n similar manner as 
do the oxygen analogues. Thiobarbitu- 
rates produce a green color with the co- 
balt instead of a violet one if mixed with 
the cobalt reagents. They also form pre- 
cipitates with Millon’s reagent. Thiobar- 
bitiirates decompose to sulphides if 
boiled with sodium or potassium hy- 
droxide. The presence of the sulphide is 
detected by acidifying and adding a salt 
of copper, silver or mercury. A black pre- 
cipitate of the metal sulphide results. 

Extraction from Tissue 

Quantitative determinations are fre- 
quently sought upon blood, urine, 
stomach contents and tissues due to the 
widespread use of barbiturates in medi- 
cine and the high incidence of inten- 
tional and accidental overdosage. A 
number of methods for the quantitative 
e.Ttraction of the barl^iturate from bio- 
logical materials are in use. Koppanyi 
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and his co*worhers suggest digesting a 
weighed specimen of tissue with 5% po- 
tassium hydroxide for 24 hours. The pro- 
teins are then precipitated with copper 
sulphate. The mass is then filtered and 
the barbiturates are extracted from the 
acidified filtrate >vith chloroform. Tis- 
sues may also be frozen with liquid air, 
pulverized and treated with acid and the 
barbiturates extracted with chloroform. 
Blood may be extracted by precipitating 
the proteins with sodium tungstate and 
sulphuric acid. The filtrate is then ex- 
tracted with ten volumes of chloroform 
to recover the barbiturate. Large quanti- 
ties of blood are necessary for accurate re- 
sults when using this method. Tlie barbi- 
turate may also be adsorbed to activated 
charcoal from aqueous extracts of tis- 
sues. Tliis is in turn mixed with plaster 
of Paris and then extracted wth petro- 
leum ether. The cobalt color test is then 
applied to these residues, once the ex- 
tractions have been accomplished. The 
objection to this technique is that ad- 
sorption is not absolutely quantitative. 

Unfortunately one is never sure that 
all the barbiturate is recovered since 
it may be partially decomposed by the 
alkali or it may be bound to the pro- 
tein. 

Determination by Vacuum 
Distillation 

Barbiturates may be recovered quan- 
titatively by distillation in a vacuum. 
The drug is first extracted from tissues 
after acidification with 20% acetic acid. 
Loss due to destruction of barbiturates 
is less likely when extractions are carried 
out using an acid instead of a strongly 
alkaline medium. Two or three times the 
volume of acetic acid per volume of tis- 
sue is used. The mixture must stand for 
24 hours after which proteins are pre- 
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cipitated by adding sodium tungstate. 
The filtrate is then extracted with ether. 
The residue recovered after evaporating 
the ether is then sublimed under re- 
duced pressure (0.005 mm. Hg). The re- 
covered barbiturate is estimated gravi- 
metrically. The barbiturate may be iden- 
tified by determining its melting point 
and confirmation may be made by the 
method of mixed melting point. 

Determination by Fluorometry 

Solutions of barbiturates absorb ultra- 
violet light. Analytical methods of identi- 
fication and quantitative determination 
are based upon this principle. The 
wave lengths absorbed depend upon 
the molecular configuration and the 
quantity or the amount present. Hell- 
man, Shettles and Stran first applied this 
principle to the analysis of thiopental. 
Tliey noted a maximum absorption of 
ultraviolet light of a wave lengtli of 
2880 A by etlier extracts of acidified fil- 
trate of solutions suspected of containing 
acid thiopental. Barbital, dial, phenobar- 
bilal. Nembutal and Evipal showed no 
significant absorption under similar cir- 
cumstances. 

The test used by these workers is not 
specific for thiopental, however. The by- 
products of metabolic transformation of 
thiopental have the same absoiption 
characteristics as thiopental. Brodie re- 
fined the technique and made it specific 
by controlling the pH and by using a 
mixture of hexane and isoamyl alcohol for 
the extraction of the drug. Die free unal- 
tered thiopental may thus be extracted 
without contamination with the metab- 
olites. The fluorometer may be used for 
the quantitative determination of bar- 
biturates. Barbiturates may also be identi- 
fied by using the fluorometer. Tlie absorp- 
tion spectra shift with changes in pH. 
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Each barbiturate has a different absorp- 
tion spectra at two different pH‘s. No 
two appear to be alike. 

Paper chromatography has also been 
used for separation and identification of 
barbiturates (Chap. 28). 

MODE OF ACTION 
Quastel and his co-workers (1933) 
presented data which suggested that 
barbiturates cause an inlijhitory effect on 
oxidative processes of brain and other 
tissues in vitro (Chap. 27). Since that 
time additional data has been obtained 
on this aspect of biochemical activity. 
Much of the data is in conflict with 


Quaslel's idea. At the present time, 
therefore, there is no agreement as to 
the exact site of suppression in the in- 
tracellular oxidative scheme. Discrepan- 
cies exist between the concentration re- 
quired to produce the effects on oxida- 
tion in vitro and narcosis in vivo. More 
recent experimental data indicate that 
barbiturates interfere with tlie utiliza- 
tion of oxidative energy for synthesis of 
compounds (ATP, ADP) containing en- 
ergy rich phosphate bonds (Chap. 27). 
The narcotic response in vivo is ob- 
tained by concentrations less than those 
necessarj' to suppress cellular oxidations 
in vitro. 



CHAPTER 20 


Miscellaneous Sedatives, Hypnotics 
and ‘'Tranquilizers'' 


INERTNESS VERSUS 
REACnVITy OF HYPNOTICS 

I T HAS BEEN BROUGHT OUT in the prcced' 
ing chapters that central nervous 
system depressants fall into two general 
groups— volatile and non-volatile. Gen- 
erally speaking the volatile drugs are in- 
ert molecules which are non-reaclive in 
the body. The non-volatile drugs on the 
whole are inclined to be reactive and 
are subject to modification by biochemi- 
cal mechanisms. The inert, volatile sub- 
stances are almost exclusively aliphatic 
hydrocarbons, ethers, halogenated ali- 
phatic hydrocarbons or inorganic gases. 
The chemical groupings of the reactive 
compounds are more varied. Many are 
aliphatic derivatives while others are cy- 
clic structures. Among the useful ali- 
phatic, non-volatile substances are the 
alcohols, aldehydes, ketones, esters, 
halogenated alcohols, halogenated alde- 
hydes and the disulphones. Among the 
non-aliphatic central nerx’ous sj’slem de- 
pressants are the nitrogen containing 
cyclic structures, such as the amides, 
substituted ureas, the barbiturates and 
the narcotics. These have been described 
in the previous chapters. Certain miscel- 
laneous heterocyclic structures not men- 
tioned previously will be described in 
this chapter. 


HYPNOFHORE GROUPS 
On inspection of the structural formu- 
lae of the majority of non-volatile hyp- 
notics certain specific groupings and 
structural similarities seem to predomi- 
nate. A polar group, usually a feeble one, 
such as a hydroxyl, ketonic or amide, is 
invariably present, These groupings, 
since they are believed to be responsible 
for h)pnotic activity, are sometimes re- 
ferred to as the hypnophore, or nnes- 
thesiophore groups. The suffix “phore” 
means bearing or carrying. The term 
chromophore applied to dyes refers to 
the grouping or linkage of a molecule re- 
sponsible for the coloration of the com- 
pound. In the case of hypnotics the 
hypnophore grouping is believed to be 
responsible for hypnosis. The presence 
of groupings commonly associated with 
hj'pnosis on a molecule does not neces- 
sarily imply that the compound is hyp- 
notic. Their presence on a molecule 
make hj'pnosis possible when they co- 
exist with other groupings. The sedative 
activity of aliphatic alcohols may be cor- 
related with the size of the molecule 
and with the electrophilic properties of 
groups alpha to the Jiydroxyl bearing 
carbon atom. The molecule is reactive at 
the hydrox}’! group. Tin's portion is hy- 
drophilic (lipophobic). The remainder of 
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the molecule is hydrocarbon in nature. 
Tin's makes it inert, bulky, and lipophilic 
(hydrophobic). In the alcohols the re- 
active group is attached to an electron 
attracting center surrounded by all^'l 
groups. A similar arrangement is notice- 
able among aliphatic aldehydes, ketones 
and esters. The ketones are much more 
strongly hypnotic than alcohols. Pro- 
nounced branching of the chain or halo- 
genation appears to enhance sedative 
and hypnotic properties in most cases. 
The bulky lipophilic portion of the mole- 
cule has been referred to as the auxohy'p- 
notic group. 

Amides, carbamates, uieides and re- 
lated hypnotics described in previous 
chapters manifest the same type of struc- 
ture-activity relationsliip as the alcohols, 
aldehydes, ketones ad so on. In these the 



group appears to be the reactive polar 
group. The bulky portion of the mole- 
cule consists of a hydrocarbon residue 
also. The radicals on position 5 in the 
barbiturates are alkyl radicals. As is the 
case with the aliphatic hypnotics, they 
add bulk and inertness to the molecule. 

MOLECULAR \VEIGHT AND 
POTENCY OF HYPNOTICS 
Tlie increase in the number or size of 
alkyl groups around an electron attract- 
ing carbon center enhances hypnotic or 
narcotic activity, not only in the ali- 
phatic, oxygen and halogen containing 
compounds, but also in the ureas, car- 
bamates, barbiturates and other deriva- 
tives. In the aliphatic disulphones (Sul- 
phonal series, Chap. 17) the 

-UJ —OH 

1 il 


is the active group while the methyl 
ethyl substituents are the inert, bulky 
portion. The tetramethyl derivative is in- 
active. The dimetli)’! ethyl liomologue 
(sulphonal), the higher molecular weight 
homologue with three etliyl groups 
(irional) and the hoinologues with 
four ethyl groups (tetronal) are increas- 
ingly active. Among the urethanes 
(Chap. 19) derived from aliphatic alco- 
hols, ethyl carbamate is feebly hypnotic. 
Hcdonal, derived from tertiary amyl al- 
cohol and aponal, derived from secon- 
dary amyl alcohol have alkyl substit- 
uents of greater carbon content and, 
therefore, have profound sedative activ- 
ity. The features which seem to be essen- 
tial for hypnotic activity are branched 
chains, halogens or unsaturation in the 
portion of the molecule adjacent to the 
polar group. Alkyl groups are electron 
attracting. Double bonds and halogens 
act in the reverse manner and repel elec- 
trons. Therefore, it is unlikely that hyp- 
notic activity is due to electrical be- 
havior. The bulkiness of tlie auxiliary 
groupings may shield the cell from tlie 
metabolite and, in this manner, pre- 
cludes access of metabolites and inhibits 
activity. Tlie polar groups presumably 
show some degree of hydrogen bonding 
(Chap. 8) and become attached to the 
receptor. A balance between water and 
h'poid solubility of a molecule is neces- 
sary so that the molecule can reacli tlie 
cell and still act on it. This balance be- 
tween water and lipoid solubility gov- 
erns the rapidity of onset of action. Like- 
wise, the toxicity and cumulative effects 
of these hypnotics depend on the ability 
of the organism to attack tlie bulky part 
of the molecule by an oxidative or otlier 
biochemical mechanism. In certain of 
tlie barbiturates, thiopental for example, 
the side chains on carbon 5 are attacked 
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by oxidation or by hydrolysis. Drugs lar, but pharmacologically similar. The 


having branched chains, radicals, halo- 
gens or double bonds as substituents are 
the most reactive. 

NON-BARBITUATE HYPNOTICS 
Prior to the development of the bar- 
biturates, the aliphatic hypnotics were 
the only suitable substances available in 
therapeutics. These, for reasons of lesser 
toxicity and greater therapeutic versatil- 
ity, were supplanted by the barbiturates. 
There has been a trend in recent years to 
depart from the barbiturate structure 
and to seek hypnotics which are not re- 
lated to them chemically. As a result of 
this attempt to depart from the conBg- 
uration characteristic of the barbiturates, 
a number of compounds have been in- 
troduced which are structurally dissimi- 


structures of all of these, as is the case 
with other hypnotics, have an active hy- 
drophilic group attached to an electro- 
philic center upon which appears an in- 
ert and buU^ residue. One class of com- 
pounds is built around the piperidine nu- 
cleus (Table 1.20). One of the better 
known and most important of the piperi- 
dine series is methyprylon, otherwise 
known as Noludar. Another, glutethi- 
mide, is derived from glutarimide. An- 
other, Dolitron is derived from the thia- 
zane nucleus. These are discussed in 
more detail later on. 

Metliyprylon (Noludar) 
SnwjcruRE 

In methyprylon the piperidine struc- 
ture has been converted into a dione. 


TABLE 1.20 



a Phenyl, Ethvl Glutarimide Methj'prj’lon 5 Ethyl C Phenj 1 

(Glutehimide, Donden) (Noludar, Noctan) Metathia3ine-2,4,-Dione 

(IJolitrone, M.R.D. 125) 


CH,— O— C— CJIt— CH^C-O— Na 
] fl )l 

0=0 O t) 



21-Hi drow Pregnane-S.SO.-Dione Ilcmi^iiccinatc 
(SMium Hj'drorydjone, 'Vladril) 
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Two ketonic oxygen atoms are on the 
two and four position (Table 1.20). The 

_N— C=0 

group acts as tlie polar group or hypno- 
phore group. In addition a methyl group 
is present on position five. Two ethyl 
groups appear on position three instead 
of two hydrogen atoms. These two radi- 
cals confer the bulk necessary for inert- 
ness. Chemically this structure is known 
as 3, 3-diethyl 5-methyl, 2, 4 piperidine 
dione. 

pBOPEnTTES 

Methyprylon was introduced by Pell- 
mont, Jurgen and Struder in 1955. The 
substance is a white crystalline powder 
which melts at 74-77'’C. It has a bitter 
taste, is soluble in water, alcohol, ben- 
zine and chloroform. Tlie compound 
possesses sedative and liypnotic prop- 
erties similar to the intermediate and 
short acting barbiturates It is used pri- 
marily for sedation, is not analgesic or 
anesthetic and is, therefore, inadequate 
for surgical anesthesia. The drug is ab- 
sorbed rapidly from the gastrointestinal 
tract Peak plasma levels are attained 
one to two hours after oral administra- 
tion. Approximately 3$ of the drug is ex- 
creted into the urine unchanged. A small 
amount is excreted as a dehydrogenated 
derivative. 

Glutethimide (Doriden) 
Structure 

Another departure from the barbitu- 
rates as hypnotics is the group derived 
from glutarimide, the imide of glutaric 
acid (Table 1.20). Tliis gives rise to a 
series of derivatives most important of 
which is glutethimide. (Table 1.20). In 
this case the 


0 0 

i I! 

— C— NH— C— 

group acts as the polar group and con- 
fers hydrophilic properties to the struc- 
ture. There is some resemblance be- 
tween the glutarimide structure and tlie 
pyrimidine ring of the barbiturates. Glu- 
tarimide possesses an alpha and a beta 
carbon each of whicli bear two hydrogen 
atoms, both of which may be replaced 
by altyl and other radicals (Table 1.20). 
Substitutions on the alpha carbon yield 
hypnotics while substitutions on the beta 
carbons yield compounds of low narcotic 
potency or with central stimulating 
properties. Tliis characteristic of conver- 
sion of a hypnotic to a stimulant by 
slight changes in molecular configuration 
is discussed in Chapter 24. Substitution 
of an ethyl and a phenyl group for botli 
hydrogen atoms on the alpha carbon 
yields glutethimide (Doriden) which is a 
serviceable hypnotic. Glutethimide, 
therefore, is alpha phenyl ethyl glutari- 
mide (Table 1.20). It could also be called 
3 ethyl, 3 phenyl, 2, 6 piperidine dione. 
Its structure, therefore, might be consid- 
ered to be allied to that of methyprylon 
(Noludar). Substitution of a methyl and 
an ethyl group on the beta position 
yields bemegride (Megimide). This is a 
stimulant and a convulsant and is suit- 
able as an analeptic. 

PnOPERTIES 

Glutethimide was synthesized in 1952 
under patents held by the Ciba Pharma- 
ceutical Works. The compound was syn- 
thesized in 1952 by Tagmann and Sury 
and Hoffman. Glutethimide is a white 
powder which forms crystals from ether 
which melt at 84°C. The drug is insoluble 
in water but is soluble in organic sol- 
vents, particularly alcohol and chloro- 
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form. The compound forms a hydrate 
and a very water soluble hydrochloride 
which are not used medically. Glute- 
thimide is a short acting central nervous 
system depressant which is administered 
orally as a hypnotic and a sedative. The 
drug is soluble in proplene glycol. Solu- 
tions of the drug in this solvent have 
been used intravenously. The potency of 
glutethimide as a depressant in labora- 
tory animals is similar to that of pheno- 
barbital. 

Metabolism and Distiubution 
Absorption by the oral route is rapid, 
possibly due to conversion of the com- 
pound to the soluble hydrochloride in 
the stomach. The compound at first Is 
distributed uniformly in the watery (is- 
sues throughout the body. The drug 
tends to become concentrated in the fat> 
liver and other tissues several hours after 
ingestion. Glutethimide labelled with 
radioactive isotopes is retained in the 
gastrointestinal tract. Approximately 
355 of the radioactivity still remains In 
the gastrointestinal tract 16 hours after 
ingestion. Presumably this is due to the 
fact that more than 605 of the drug and 
the end products of metabolities are ex- 
creted into the bile. The drug is re-ab- 
sorbed as the bile passes into the intes- 
tine. The compound which becomes con- 
centrated in the urine is not glutethi- 
mide but one of its metabolic products. 
Approximately 35% of the byproduct is 
excreted into the urine in the first 15 or 
16 hours. No glutethimide as such is re- 
coverable in the urine of the dog. Pre- 
sumably the compound undergoes de- 
ethylation and the metabolite is excreted 
as alpha phenyl glularimide. About 5% of 
this is a conjugated derivative of alpha 
phenyl glutarimide. 
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Dolitrone 

Structure 

Another departure from the classical 
barbiturate configuration is the drug 
known as Dolitrone. This is a cyclic com- 
pound developed commercially by the 
W. S. Merrell Company for use as an in- 
travenous anesthetic. The drug was 
studied clinically by Lundy in 1956. The 
cyclic structure from which Dolitrone is 
derived is the thiazane nucleus which 
has incorporated in its molecule an atom 
of sulphur, one of nitrogen, and four of 
carbon (Table 1.20). Thus, like the bar- 
biturates, Dolitrone is a hexacycHc struc- 
ture. Chemically Dolitrone is 5 ethyl, 6 
phenyl meta thiazine-2, 4 dione. In other 
words, if the ring is numbered 1 to 6 
beginning at the sulphur atom, a ketonic 
o.' 9 'gen appears on position 2 and 4 (Ta- 
ble 1.20). The compound possesses the 
characteristic hydrophihc and lipophilic 
groupings found in other hypnotics. One 
double bond is present between carbons 
5 and 6. The bulky inert part of the mole- 
cule is the portion of the ring carrying 
the ethyl and phenyl groups (carbon 5 
and 6). 

Propertks 

The drug is a feeble acid which is al- 
most totally insoluble in water. The 
compound dissolves in sodium hydrox- 
ide to form a soluble sodium salt, the 
aqueous solutions of which are highly 
alkaline. The pH of the aqueous solu- 
tion ranges between 12 and 13. 

The h)pnotic and basal narcotic ef- 
fects of Dolitrone are similar in most re- 
spects to those of thiopental. The drug 
fell into disfavor shortly after its intro- 
duction because of difficulties in form- 
ing stable, non-irritating solutions. Con- 
siderable venous irritation, local throm- 
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bophlebitis and slough wereencounlered. 
The drug penetrates the blood brain 
barrier as readily as does thiopental. In- 
duction of anesthesia, therefore, is rapid. 
In view of the fact that the drug had 
little to offer over the thiobarbiturates 
available at the time, little entliusiasm 
was generated for its acceptance and 
few studies were done on its distribution 
and metabolism. 

Steroid Hormones (Viadril) 
Structure 

Anotlrer group of derivatives which 
depress the nervous system arc the ster- 
oid hormones As early as 1941 Selye 
noted that the female sex hormones, par- 
ticularly progesterone, were capable of 
producing both local and systemic anes- 
tliesia if injected in large doses in rats. 
Tliis observation was pursued further 
and in 1955 Lnubach and his associates, 
at the Pfizer Laboratories, introduced 
hydroxydione. Many other steroid de- 
rivatives possess depressant activity but 
most of those which appear to be serv- 
iceable possess many side actions. Selye 
noted that the anesthetic potency of 
steroids is related to the absence of dou- 
ble bonds and oxygen atoms on tl>e ster- 
oid structure. Hydroxydione is a steroid 
derivative. The proprietary name in the 
U.S. is Viadril. The compound has ako 
been known under the name of Presuren. 
Hydroxydione possesses the basic C)’cIo- 
penlenophenanlhrene ring which forms 
the basis of the steroid hormones, the 
carcinogenic hydrocarbons, the bile 
acids, the sterols and so on (Table Ij 20). 
Chemically hydroxj'dione is 21 hydroxy 
pregnane 3-20 dione sodium hemisuc- 
cinate (Table 1.20). It is chemically re- 
lated to progesterone. Tlie drug is pre- 
pared by the palladium reduction of 


desoxy-corticosterone. This intermediate 
product is then treated with succinic an- 
hydride after which the sodium salt is 
formed. 

Propcrties 

The compound, therefore, is ai\ acid 
whicli forms a sodium salt. Tlie sodium 
salt is a lyophilized fluffy while powder 
which decomposes at 193®-203°C. The 
free acid melts at 195°-197°C. The free 
acid dissolved in chloroform has a de.xtro 
rotation of -(-95° at 20°C. using a so- 
dium light. The compound absorbs ultra 
violet light so that it may be estimated 
quantitatively on a fluorometer. The 
maximum absorption occurs at 280 mij. 

The sodium salt is soluble in water 
and in mildly alkaline buffer solution. 
Solutions liave a soapy appearance. It is 
ako soluble in acetone and chloroform. 
The pH of the 2!? aqueous solution and 
the strength in which it is used varies, 
from 8 5 to 9.8. 

DismrouTioN axd Metarousm 

Tlie compound is devoid of hormonal 
properties. It ads primarily as a basal 
narcotic requiring supplementation with 
nitrous oxide or other form of analgesia 
or anesthesia. It has a latent period 
which ranges from 5 to 10 minutes fol- 
lowing the injection of predetermined 
doses. 

Tlie compound is metabolized by the 
liver. Presumably it is conjugated by 
cn^rmatic action to pregnane 3,20 diol 
20 one-2l hemisuccinate and pregnane 
3.21 dioI-20,1. 

Biochemical Effects of Steroids 

Some steroid hormones directly affect 
tlie consumption of oxygen by brain in 
vitro. It has been demonstrated that 
there is a parallelism between anesthetic 
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action of steroids and their ability to in- 
hibit oxidation of glucose in brain ho- 
mogenates. The quantities of steroids 
used in these studies, however, were in 
excess of those involved in normal phy- 
siological function. Stilbesterol, which 
is a steroid hormone, differs in this re- 
gard, however, because it inhibits respi- 
ration of the brain in vitro more strongly 
than other steroids in comparable con- 
centration, but has a relatively low an- 
esthetic potency. Severe adrenal insuffi- 
ciency is accompanied by slowing of tlie 
electrical discharges in the brain when 
studied by means of the electroen- 
cephalogram. The electroencephalo- 
graphic pattern is restored to normal by 
the administration of cortisone or cortical 
hormones in the rat. Changes in the elec- 
troencephalographic frequencies occur 
after adrenalectomy and revert to nor- 
mal after the addition of cortical hor- 
mones. Desoxycorticosterone, dehydro- 
isoandrosterone and testosterone in 
amounts in excess of those found physio- 
logically depress consumption of oxygen 
by slices of rat brain. The nature of the 
suppression is likely to be a reaction 
common to all oxidations, possibly one 
involving the flavoprotein of the electron 
transfer system. The action of hydroxy- 
dione is believed to be due to inhibition 
of the entrance of glucose into the tricar- 
boxylic acid cycle. 

TRANQUILIZERS 
DEFLsmoN OF THE Term 

The term tranquilizer, unfortunately, 
has become widely accepted in medi- 
cine. The term is not a pharmacological 
one but is instead a psychological one 
which is used to designate a group of 
widely diversified drugs which are dis- 
similar not only in chemical structure 


but also in pharmacological activity. The 
term infers that such drugs cause depres- 
sion of the nervous system. Tliis is gen- 
erally true, but not always the case, since 
botli stimulants and depressants appear 
to be included in the classification. 
Tliere is no specific area in the nervous 
system which is responsible solely for 
“tranquility.” The term “tranquility” in 
itself is a nebulous one which conveys a 
meaning which may be interpreted in a 
variety of ways depending upon the in- 
dividual hearing the term. 

Classification 

Of the two types of drugs included 
among the tranquilizers, the depressants 
and the stimulants, the anesthetist is in- 
terested primarily in the former. The de- 
pressant drugs may be classified as (a) 
non-selective and (b) selecti>'e. Among 
the non-selective are included the ali- 
phatic hypnotics, the urea derivatives, 
the narcotics, and other pharmacologi- 
cally allied compounds mentioned in the 
previous chapters. Those which act se- 
lectively appear to act on specific, local- 
ized areas in the brain or spinal cord. 
Among these are fJje anfi-convuJ- 
sants, (2) drugs which act centrally to 
suppress histamine activity, such as 
Phenergan, (3) drugs which suppress ac- 
tivity within the spinal cord and produce 
varj'ing degrees of muscle relaxation. 
They reduce “tension” by relaxing mus- 
cles by reducing the number of impulses 
coming over the intemuncial neurons. 
Mephenesin and meprobamate are 
among this group. (4) Drugs which sup- 
press centra! parasympathetic activity, 
such as benactyzine and Vistaril and (5) 
drugs which act as central sympathetic 
depressants. Among these are the pheno- 
tbiazincs and the alkaloids derived from 
Rauwolfia. 
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C11EMICA.L Types This includes a large series of similarly 

The more important selective depres- related structures (Table 11.20). (2) Alka- 
sants may be classified from a chemical loids derived from Rauwolfia. This in- 
standpoint into four major groups. (1) dudes Rauwoloid, Raudixin, Reserpine, 
Compounds derived from phenothiazine. Deserpidine, Recimamine and related 
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compounds. (3) Compounds derived 
from diplienylmethane and (4) Com- 
pounds derived from the substituted 
propanediols, glycodiols, and other hy- 
droxylated compounds. These are pre- 
pared as esters of carbamic and other 
acids. There are, of course, others but 
these are the more important. Some 
anesthesiologists became enthusiastic 
about the non-selective depressants 
shortly after they were introduced. Ac- 
tually they have limited usefulness in 
anesthesiology. Tlie milder selective de- 
pressants have little to oflFer over the 
non-selective drugs for pre-anesthetic 
sedation. The Rauwolfia alkaloids and 
the phenothiazines are of interest to an- 
esthesiologists because of their numer- 
ous varied responses, their side actions 
and their sustained effects. 

Filenotiiiazines 

Probably the most widely used com- 
pounds and those of the greatest interest 
to the anesthesiologist are the phenothia- 
zine derivatives. They possess among a 
multitude of actions a selective inhibi- 
tion of subcortical centers in the central 
nervous system, the reticular system, the 
thalamus and the autonomic centers. 
Phenothiazine itself has no particular ac- 
tion on the nervous system. 

The phenothiazine structure possesses 
three rings (Table 11.20). The center 
six-membered ring has a sulphur and a 
nitrogen atom. The two outer rings are 
benzene rings. On the basis of chemical 
structure the phenothiazine derivatives 
may be divided into groups according 
to the type of side chains which are sub- 
stituted on the nitrogen atom (position 
10) and on the hydrogen atom on posi- 
tion 2 of one of the benzene rings. These 
may be divided into groups as follows; 
(1) The chlorpromazine tjpe. These are 


characterized by an aliphatic chain of 
three or more carbon atoms attached to 
llie nitrogen atom. A halogen may ap- 
pear on the position 2. In this group are 
promazine (Sparine), chlorpromazine, 
(Thorazine), trifluoropromazine (Ves- 
pirin), and promethazine (Phenergan). 
(2) The piperazine type. A piperazine 
ring is present in the aliphatic chain 
attached to the nitrogen atom. In this 
group are fluorophenazine (Stelazine), 
trifluoroperazine (Trilafon), perphena- 
zine, thiopropazate (Dartal) and prochlo- 
roprazine (Compazine). (3) The piper- 
idine group. A piperidine ring appears 
in the aliphatic side chain. In this group 
are mepazine (Pactal), and pipamazine. 

Each of these compounds are qualita- 
tively similar but quantitatively different 
in the intensity of their diverse actions. 
They differ in potency according to the 
side chain present. The least potent of 
this group is mepazine which does not 
contain a three carbon chain attached to 
the nitrogen atom. It has instead a 
methyl piperidine group with an inter- 
vening carbon. Promazine has a tliree 
carbon straight chain. It is less potent 
than chlorpromazine or trifluoroproma- 
zine. The chlorine endows to chlorpro- 
mazine twice the potency of the pro- 
mazine which is devoid of it. The tri- 
fluoromethyl group confers upon tlie 
compound a potency of two to three 
times tliat of chlorine. Of the halogens 
only chlorine and fluorine appear to be 
suitable in increasing potency. The fluo- 
rine must appear as a trifluoromethyl 
group. Compounds having a piperazine 
nucleus in the side chain attached to the 
nitrogen are more potent than those 
having a simple ah’phatic chain as is 
found in the chlorpromazine type. This 
increase in potency is due specifically to 
the addition of the piperazine ring to the 
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side chain. Halogenation of tlie pipera- 
zine compound is equally as eCfeclive in 
increasing potency as it is in the straight 
side chain derivatives. The trifluoro de- 
rivatives are at least double the potency 
of the cldorinated counterparts. A given 
phenothiazine, regardless of the type, has 
its potency increased with eitlier of these 
halogens. The trifluoromethyl group in 
particular endows phenothiazine com- 
pounds with the maximum potency so 
farkno^vn. 

The phenothiazines were first synthe- 
sized by Bernthsen in 1893. The seda- 
tive effects went unnoticed until 1945 
when French workers began to study 
them. Promethazine was one of the first 
to be used. Charpantier resynthesized 
chlorpromazine in 1950. 

Chlorpromazine 

Chlorpromazine (Thorazine) is the 
prototype of a series of phenothiazine 
derivatives about which the numerous 
modifications revolve. Chemically it Is 2, 
chloro 10, dimethylamino propyl pUeno- 
thiazine. The substance is a base which 
is liquid and boils at 200°C. It forms a 
salt with hydrochloric acid. Tire salt is a 
greyish white powder soluble in water 
(1 gm. in 2.5 ml. HsO). Aqueous solu- 
tions are acid in reaction liaving a pH of 
5. Solutions turn brorvn on exposure to 
light and should be stored in light- 
proof containers. The powder is stable 
but decomposes at 179-180®C. It is sol- 
uble in alcohol and chloroform but in- 
soluble in etlrer and benzine. The con- 
figuration is one which suggests both 
antiliistamines and local anesthetics. 
However, both actions, if present, are 
feeble, nie drug antagonizes epineph- 
rine and norepinephrine both central- 
ly and peripherally. Whether or not the 
action is competitive is not known. The 


drug potentiates the action of hypnotics 
and analgesics and inhibits the release 
of the adrenocorticotropic hormone from 
the pituitary. It sedates the chemorecep- 
tor zones of the vomiting center acting 
competitively, presumably with the ex- 
citants upon the receptors in that area. 

Chlorpromazine is eliminated as a 
sulplioxide. Up to 15% of a given dose ap- 
pears in the urine. None is recovered un- 
changed. 

MEPROBAMATE 

STRuenmE 

Meprobamate is widely used as a 
tranquilizer for tlie control of anxiety. 
The compound is also known as Equanil, 
Miltown, Mebatin, Biobamate and by a 
host of other names. The compound is a 
derivative of 1, 3 propane diol (Table 
III.20). Carbon 2 carries a methyl and a 
propyl group. Carbons 1 and 3 carry 
hydroxyl groups wliicli are csterified with 
carbamic add. The compound, there- 
fore, is a carbamate. 

Properties 

Meprobamate is a white crystalline 
substance which melts at 104-106®C. It 
possesses a characteristic bitter taste. It 
is soluble in water at BO^C. to form a 34T 
solution. At 37“C. it forms a 79% solution 
on a weight per weight basis. It easily 
forms supersaturated solutions with hot 
water. It is freely soluble in most organic 
solvents. Aqueous solutions are neutral. 
The substance is stable in dilute acids 
and alkalis and is not broken down by 
the gastric and intestinal ferments. 

The drug produces tranquility by act- 
ing at specific areas in the nervous sys- 
tem. It bears a chemical relationship to 
inephenesin and like mephenesin sup- 
presses polysynaptic neuronal actinty in 
the spinal cord. 




Distribution 

Approximately 10% is excreted un- 
changed in the urine. A variable portion 
is conjugated probably with glucuronic 
acid and excreted into the urine. The 
remainder is metabolized but the exact 
fate is not kno^v^. 

PHENAGLYCODOL 

Phenaglycodol (Ultran) is in many re- 
spects similar in structure to meproba- 
mate since it is also a diol (Table III.20). 
Chemically it is 1, 2 propane diol. A 
parachlorphenyl group appears on car- 
bon 3. Therefore, its chemical name 
could be 2 parachlorphenyl, 3 methyl, 
2, 3 butane diol. Like meprobamate it has 
a quieting effect and acts centrally to de- 


press polysynaptic pathways in the spinal 
and supraspinal levels. 

AZACYLONOL 

Among the derivatives of diphenyl 
methane is azacylonol. Tliis com- 
pound is known as Frenquil. It is an 
isomer of piperodol which is a psycho- 
motor stimulant. 

Another tranquilizer, diphenyl meth- 
ane derivative, is benactyzine, also 
known as Suavitil. Likewise it is a selec- 
tive depressant. Its structure is sho^vn in 
Table 111.20. Hydroxyzine likewise is a 
central depressant. Here too it is a di- 
phenyl methane derivative with a com- 
plex structure which in some ways re- 
sembles the antihistamines (Table III.20). 



CHAPTER 21 


Local Anesthetics 


DIFFERENCES nET^^'EEN 
LOCAL AND GENERAL 
ANESTHETICS 

G ENE3U1, wNEsTMETics are bloocl 
■ borne and, therefore, exert their 
efiecls on the central nervous system by 
being disseminated throughout the or- 
ganism as a wliole. Local anesthetics, on 
the other hand, act at a specific area. 
Tliey must be applied directly at some 
easily accessible portion of the nervous 
system. The plasma level is, compara- 
tively speaking, infinitesimal. As a rule, 
serious untoward responses develop 
should they gain access to the vascular 
system in significant quantities. General- 
ly, they are applied to a peripheral nerve 
which is, in a sense, a bundle of axones. 
The axone transmits stimuli from a nerve 
cell to a receptor organ or to another 
neuron. Local anesthetics interrupt im- 
pulse transmission by causing temporary 
reversible changes in the chemical make- 
up of a neuron. They act any^vhere in a 
neuron. However, tlie end result is the 
same irrespective of the point of appli- 
cation to a neuron, whetlier it be den- 
drite, cell body or axone— a blockade of 
impulse transmission. 

PROPAGATION OF IMPULSES 
IN NERVE FIBRES 
In order to understand how local anes- 
thetics interrupt the propagation of im- 
pulses along a fibre and cause anesthesia 


it is necessary to interject at this point a 
description of the mechanism by which 
the transmission of a nerve impulse oc- 
curs. A membrane referred to as the 
plasma membrane delineates the cyto- 
plasm of a nerve fibre from the sunound- 
ing extracellular fluid. This membrane, 
composed of lipoids and proteins, is be- 
lieved to be several molecules thick. It 
is not histologically discernible. Normal- 
ly a stimulus applied to a nerve fibre 
establishes an electrical current called an 
acUon potential in the plasma membrane 
in the area of stimulation. Tliis action 
potential is propagated in succession to 
contiguous areas along a fibre to the 
point of termination. When the fibre is 
in the resting state the plasma membrane 
is pemieable to certain ions, notably po- 
tassium and chloride, and impermeable 
to others, notably sodium, proteins and 
the ions of the amino acids. The protein 
ions are, as are those of sodium and 
potassium, positively charged since they 
are derived from the amino acids com- 
po^Hig the nerve. As a result of this se- 
lective permeability a difference in ionic 
concentration develops on either side of 
the membrane. An ionic equilibrium for 
potassium and chloride is established ac- 
cording to Donnan’s Law. In a resting 
fibre the concentration of potassium ions 
on the interior of the membrane is 
greater than at the exterior. The prob- 
able ratio is 5 inside to 2 outside. During 
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Fic. 1.21. Exchange of potassium and sodium ions and electrical activity in a nerve fibre. 

(1) Resting fibre. Potassium ion predominates inside the membrane, sodium outside. The mem- 
brane potential is negative in the interior wth reference to the exterior at 50 millivolts. 

(2) Activity commences. The permeability is changed by the excitor substance to allow sodium 
ions inward (arrow). Potassium ion lags and the concentration remains unchanged for the mo- 
ment. The polarity is reversed and the potential overshoots to 50 millivolts on the positive side. 

(3) fbfassium ion migrates outward. The potendai’ becomes zero. The poibn'fy is the same msitfe 
the membrane as out for a moment after which it becomes positive. 

(4) Returning to the resting state. The sodium ions are extruded outward by the “sodium pump.” 
Potassium ions migrate inward. The potential reverts to the resting level. 

The dotted lines indicate the sequential changes in potential. The full lines indicate the po- 
tential at the moment. The shift of chloride and other anions is not sho^vn, but occurs con- 
comitantly with shift of anions. 


inactivity a difference in electrical po- 
tential develops between tiie exterior and 
the interior of the membrane as the re- 
sult of this asymmetric ionic distribu- 
tion. The polarity of the interior of the 
membrane is negative with reference to 
the exterior. Sodium ions are extruded 
through the membrane during the rest- 
ing phase from the interior where the 


concentration is minimal to the exterior 
of the fibre where the concentration is 
maximal by a meclianism referred to as 
the “sodium pump.” Exactly how the 
“pump” operates is not fully understood. 
Possibly the enzymatic breakdown of 
lactic and p)Tuvic acids provides the 
energy necessary to operate the “sodium 
pump” which is moving ions against a 
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gradient. This has not been definitely 
established, however. A potential dilFer- 
ence in the neighborhood of 100 milli- 
volts develops; negative on the inside 
and positive on the outside of the mem- 
brane. This potential difference is re- 
ferred to as the demarcation potential. 
^Vhen a stimulus initiates the excitation 
wave the permeability of the plasma 
membrane is altered in the area of exci- 
tation. The sodium ions are then able to 
migrate inward. This is accomplislied by 
liberation of a transmitter substance in 
the nerve fibre. Tlic composition was not 
definitely known until recently. It has 
now been established that this substance 
is acetyl choline. The liberation of the 
transmitter substance is initiated at the 
point of stimulus. The liberation con- 
tinues in each successive area as the 
excitation wave sweeps along the fibre 
from one contiguous zone to another. 
The process is repeated in a relay-like 
manner ns the impulse is propagated 
along the axonc. Not only do so^um 
ions migrate inward but potassium ions 
are simultaneously passing outu'ard to 
the exterior. Tlie migration of sodium 
ions inward precedes the migration of 
potassium ions outward. The balance is 
disturbed by this lag so that tlie mem- 
brane, thus, becomes depolarized. In 
other words the potential is rapidly de- 
creased to zero after which the exterior 
becomes negatively charged with refer- 
ence to the interior. Tlie polarity is thus 
reversed. This reversal is only of mo- 
mentary duration since the potential 
swings swiftly to the opposite charge on 
the interior. This is opposite to the state 
of affairs noted during the resting phase. 
As soon as sufficient potassium ions mi- 
grate outward the membrane potential 
on the interior equals that of the exterior 
and is, therefore, isoelectric once again 


(zero value). Tlie fibre is then in the re- 
fractory period and inexcitable. Tliis 
period of electrical neutrality is of dis- 
cernible duration. Tlie “sodium pump” 
then begins to operate and the sodium 
ions are then extruded to the exterior 
from within the fibre. Potassium ions 
then return inward, presumably by a 
“pump” mechanism also, and the mem- 
brane potential is restored to its normal 
or resting state with the polarity of the 
interior negative and that of the exterior 
positive. Simultaneously with the move- 
ment of cations there is a migration of 
appropriate anions, Tliese changes occur 
rapidly in a matter of milliseconds each 
time anerve impulse is transmitted along 
tlie fibre. 

Inteiuiuptiox of Conduction 
It is obvious that agents which in- 
terfere with the passage of ions through 
the plasma membrane or which alter the 
membrane potential prevent the passage 
of impulses througb the area so altered. 
Thus, a blockade is accomplished in one 
of two ways, (1) by stabilizing the mem- 
brane so that the forementioned changes 
in permeability cannot lake place or (2) 
by causing depolarization of the mem- 
brane. Local anesthetics act in the 
former manner and stabilize the mem- 
brane thereby preventing the changes in 
permeability necessaiy' for propagation 
of an impulse from zone to zone, Tlie 
demarcation potential normally present 
in a nerve remains unchanged. Solutions 
of ionizable potassium or calcium salts, 
likewise, cause a blockade. However 
they do so by the latter mechanism. They 
cause depolarization and do not act by 
stabilization of the membrane. The de- 
marcation potential is nullified by these 
ions so that the changes in polarity nec- 
essary for conducting the impulse do not 
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occur. The situation in many ways paral- 
lels the depolarizating action of deca- 
methonium at the myoneural junction 
(Chap. 23). Tlie action of local anes- 
thetics, in some ways, may be likened to 
tlie behavior of d-tubocurarine vvhidi, at 
the myoneural junction, produces a 
block by inhibiting the changes in po- 
larization normally caused by acetyl 
choline. 

Lipopiiilic-Hydropiiilic Properties of 
Local Anesthetics 

Local anesthetics are both water and 
lipoid soluble. This lipoid solubility is 
necessary for their passage into the neu- 
ral fibre since it is rich in lipoids. The 
water solubility is necessary for their 
carriage to the fibre by lymph, wliich is 
largely water. A balance between these 
two solubilities is necessary for optimal 
activity. An excessively high lipoid solu- 
bility and correspondingly poor water 
solubility renders a compound ineffec- 
tive because the quantity transported to 
the fibre is inadequate. The reverse sit- 
uation, a high water solubility and a low 
lipoid solubility, favors adequate trans- 
port but poor penetration into the fibre. 
The molecules of all effective local anes- 
thetics have both lipophilic and hydro- 
phih’c groupings which confers this nec- 
essary, mixed solubility. Generally, the 
hydrophilic portion of the molecule is 
an ainino group. Less often it is a hy- 
droxyl group. The lipophilic portion con- 
sists of a hydrocarbon residue of some 
sort. Actually, the nerve fibre is a lipoid 
rich, metallo-protein unit surrounded by 
an aqueous phase, Tlie hydrocarbon 
residue becomes oriented into the lip- 
oid phase and the amino or hydroxyl 
group into the metallo-protein pliase 
in the fibre and surrounding aqueous 
medium. 


CHEMICAL NATURE OF LOCAL 
ANESTHETICS 

Numerous substances manifest local 
anesthetic activity. The ability to block 
neural transmission is not necessarily an 
attribute of a single type of molecular 
configuration. Many compounds with di- 
versified molecular configurations are 
capable of causing a blockade. In many 
cases the local anesthetic effect is one of 
several actions possessed by a drug and 
not necessarily the principal action. This 
overlapping of action is discussed further 
on. 

Hundreds of compounds have been 
prepared and studied for local anesthetic 
activity. Many have been discarded be- 
cause they are locally irritating or toxic 
systemically. In classifying local anes- 
thetics presently in clinical use, two 
types of compounds appear to predomi- 
nate— /ip/frc>ary compounds and amines. 
Derivatives in the hydroxy group are 
used mostly for surface anesthesia. The 
amines are the more important type. The 
maj'ority of local anesthetics in clinical 
use fall into this group. Drugs which 
manifest local anesthetic activity which 
do not fit into either of these categories 
are available but are not clinically im- 
portant. 

Htorojol' Compounds 

The hydroxy compounds are alicyclic 
or aromatic alcohols. As a rule, aliphatic 
hydroxy compounds are ineffective as 
local anesthetics unless an aromatic nu- 
cleus forms part of the structure. The 
hydroxyl group invariably is attached to 
a hydrocarbon nucleus of some type. The 
hydroxyl group is hydrophilic and ori- 
ents itself into the aqueous phase; the 
hydrocarbon is lipophilic, and orients 
itself into the lipoid phase of the neural 
preparation. 
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The simplest aromatic alcohol is hy- 
droxybenzine or phenol. This has been 
used in dilute solutions on the unbroken 
skin for the alleviation of pruritus. It is 
highly irritating and caustic. Related to 
phenol are the aromatic methyl hydro.xy 
benzines or cresoh. These have proper- 
ties similar to phenol but are less im- 
portant because they are more toxic. In- 
terposing a carbon atom between the 
aromatic nucleus and the hydroxyl group 
reduces its local toxicity and enhances 
its local anestheb'c effect. 

The substitution of a phenyl group for 
one of the hydrogen atoms in methyl 
alcohol results in phenyl metlianol or 
henzyl alcohol. 

Benzyl alcohol is suitable for surface 
anesthesia in concentrations up to 10%. 
It is locally irritating and may cause 
neurolysis when injected perineurally. A 
hydroxyl group in tlie ortho position con- 
verts benzyl alcoliol to saligettln, 

CHj-OIl 

Saligenin possesses a topical anesthetic 
action comparable to benzyl alcohol. It 
is not suitable for infiltration because it, 
too, causes local tissue damage. A bro- 
mine atom introduced in the meta posi- 
tion with reference to the methanol group 
on the aromatic nucleus converts sali- 
genin to hromsdlizdl. 



Bromsalizol is used for topical anes- 
thesia (aqueous solutions) and as a neu- 
rolytic agent by direct injection (oily so- 


lutions). It also acts as an antispasmodic 
when taken orally. 

Cinnamic alcohol, 

and phenyl ethyl alcohol, 

also produce topical anesthetic proper- 
ties. Both compounds are primary alco- 
hols. Secondary and tertiary alcohols, 
such as diphenyl carbinol, 



and dibenzyl phenyl carbinol, 



are weaker and less effective topical an- 
esthetics than primary. They are seldom 
used in present day practice. Certain 
monohydric, cyclic alcohols, as for e.x- 
ample, cyclohexanol and menthol, pos- 
sess topical anesthetic action also. Cer- 
tain dihydric alcohols (diols) manifest a 
feeble local anesthetic activity. Mephen- 
esin, a propanediol, is an example of such 
a derivative. 

^^ost hydroxy compounds are locally 
irritating when injected into the tissues 
and are, therefore, used chiefly for sur- 
face anesthesia, Tliey tend to be neu- 
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rolytic and caustic, particularly if used 
to excess or if they are injected into the 
tissues. They also appear to be devoid 
of the convulsive manifestations which 
characterize the amines. Their mode of 
action in the nerve fibre is presumed to 
be different than that of the amines. 
The names of the hydroxy compounds 
usually end with the suEBx *'ol.” 

Nitrogen Containinc Derivattves 
The nitrogen containing group is the 
larger and more important and includes 
the maj'ority of the clinically useful com- 
pounds. The configuration most consist- 
ently associated with local anesthetic 
activity is one composed of an aliphatic 
chain of two or more carbon atoms one 
end of which carries a hydrocarbon nu- 
cleus usually of the aromatic or alicyclic 
type: 

Ri 

' — ' \ 

Rt 

The nitrogen atom, usually in the form 
of a secondary or tertiary amino group, 
is on the other end of the chain. Thus, 
an aliphatic chain, sometimes referred 
to as the pivot, separates a hydrophilic 
nitrogen atom from a lipophilic hydro- 
carbon residue. The hydrocarbon nucleus 
is derived from organic carboxy acids 
and is linked to the aliphatic pivot by 
esterification or by an amide linkage, as 
a rule. Less often an ether type linkage 
binds the two. The majorty of injectable 
local anesthetics are esters of aromatic 
acids and amino alcohols. Dibucaine 
(Nupercaine) and lidocaine (Xylocaine) 
are two important exceptions. In these, 
the amide type of linkage unites the 
hydrocarbon to the pivot. In both lido- 
caine and dibucaine the pivot replaces 


one of the hydrogen atoms of the amide 
of the acid portion of the molecule. 

Nitrogen containing local anesthetics 
conforming to the forementioned type of 
general configuration are named with 
the suffix “caine.” Generally, these com- 
pounds manifest qualitatively similar 
pharmacological properties. Systemical- 
ly they cause an intense stimulation of 
the nervous system which is followed 
by depression. They may also induce 
severe cardiovascular manifestations 
characterized by depression of cardiac 
tissues. Substances with local anesthetic 
activity which do not possess this gen- 
eral chemical configuration do not mani- 
fest these systemic effects. 

Not all compounds ^vhich conform to 
the forementioned general structure of 
hydrocarbon residue, pivot and amino 
group manifest local anesthetic activity, 
however. Compounds which would ap- 
pear from tlieir structure to be anes- 
thetically active are not while others 
which are active do not conform to the 
generalization. Atropine, for example, 
meets the general specifications of a local 
anesthetic but possesses only slight local 
anesthetic activity. Certain narcotics, as 
for example, dionine (a phenanthrene de- 
rivative), the phenthiazine derivatives, 
and various anti-histaminics manifest 
varying degrees of local anesthetic activ- 
ity but do not conform to this generali- 
zation. The barbiturates, if applied peri- 
neurally, produce a blockade. They, like- 
xvise, do not conform to the configuration. 

Overlapping of Pharmacological 
Actions 

As is the case with many other com- 
pounds local anesthetics manifest an 
overlapping of action and have pharma- 
cologic responses possessed by other 
drugs. Procaine, for example, possesses 
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a varying degree of anti-hislamJiiic ac- 
tivity and some anti-cholinergic activity 
in addition to local anestlietc activity. 
Its outstanding attribute, however, is its 
local anesthetic activity. Atropine pos- 
sesses a strong anti-cholinergic activity 
while also manifesting a feeble local 
anesthetic and anti-histaminic activity. 
Its use is primarily as an anli-cholinerglc 
since this is its outstanding character- 
istic. Tripelenn.amine (Pyrihenzamine) is 
a potent anti-histaminic but a feeble and 
irritating local anesthetic. It also pos- 
sesses some degree of anti-cholinergic 
activity. Ephedrine is an amine mani- 
festing some local anesthetic effect. How- 
ever, its chief attribute is its sympatho- 
mimetic activity. 

Attributes Common to A^^^NO Esters 
AND Amides 

A closer examination of llie structure 
of a tj'pical member of the ester type 
compound reveals two striking points of 
significance. (1) The nitrogen atom is in- 
variably on the terminal carbon of the 
pivot. The nitrogen forms a tertiary or 
secondary amine, rarely a primary 
amine. The amino group is of the alk- 
amino (metliyl, ethyl, etc.) type. How- 
ever, it is not necessary for the nitrogen 
grouping to be of the alkamino type 
since it may be enclosed in a ring as it 
is, for example, in the piperidino group: 



(2) The acid is invariably a cyclic one 
and in most cases an aromatic deriva- 
tive. Local anesthetics derived from ali- 
phatic carboxy acids have been prepared 
but are not clinically useful. The ma- 
jority are derivatives of benzoic or some 
substituted benzoic acid. 


CLASSIFICATION OF ESTERS 
AND AMIDES 

Inasmucli as the amino esters and the 
amides comprise by far the largest and 
the most important group of local anes- 
thetics, these will be discussed in detail. 
Tliis group is large and diverse since 
many different alcohols and acids enter 
into the ester formation. Tliese deriva- 
tives are best subdivided into classes ac- 
cording to the type of acid used to form 
the ester or amide. 

Benzoates 

The simplest of the aromatic acids, 
benzoic acid, forms the basis of a num- 
ber of important compounds (Table 
1.21). Tlie first synthetic local anesthetics 
were benzoates of aliphatic amino alco- 
hols. Stovaine, an early success (Four- 
neau, 1904), is an ester of dimethylamino 
tertiary amyl alcohol.The dimethylamino 
group replaces a hydrogen atom of the 
methyl group of the alcohol (Table 1.21). 
A second basic dimethyl amino replacing 
a hydrogen atom on the methyl group of 
amyl alcohol converts stova^e to flly- 
pin. Both of these are aliphatic amino 
alcohols which have fallen into disuse. 

Cocaine, likewise, is a benzoate. It is 
the benzoic acid ester of metliyl eego- 
uiue. The complex, alcohol, methyl 
ecgonine, is derived by the fusion of two 
lieterocyclic structures, one of which 
contains four carbon atoms and the other 
five. The nitrogen is common to both 
rings. In addition to the hydroxyl group 
a carbo.xyI group is present on ecgonine, 
so that it has the properties of both an 
alcohol and an acid. The carboxyl group 
is esterified with metliyl alcohol (Table 
1.21). Failure to do so nullifies its anes- 
thetic activity. Cocaine is a naturally 
occurring product. Attempts to simulate 
the structure of cocaine to produce less 
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TABLE 1.21 

Bekzoic Aod DEmvATma 


^ — CHr-COOCH, 

O CH, CH, 

i— O-i-CHr-N"^ 

0 

ill. 

Cocaine 


Stovaine 


o 

H 


CH-CHr-N'C^ 


O 


Piperocaine (Metycatne) 
O CH, H 

O— 

() dH. 


Hexjlcaine (Cyclain?) 

O CH, H 

II I / 

_C— O— CHr-CH— N 
1^ IJH. ^C,H, 

Meprjlcame (Oracsine) 


toxic compounds have yielded tropocaine 
and psicaine (Eucaine "A” and Eucalne 
“B”). In these the alcoholic portion of the 
molecule has the same complexity as 
ecgonine. Attempts have been made to 
simplify ecgonine by decreasing tlie car- 
bon content by removing the four carbon 
ring. This has led to the study of a series 
of derivatives of piperidine. The most 
prominent of these are piperocaine 
(Metycaine) and cyclaine (Hexylcaine). 
Piperocaine is a benzoate of propanol in 
which a methyl piperidinyl group is sub- 
stituted on the carbon (Table 1.21). In 
piperocaine and cocaine the amino nitro- 
gen is contained in a heterocyclic struc- 
ture instead of being an aliphatic amino 
derivative. In hexylcaine a cyclohexenyl 
group replaces a hydrogen in the amino 
group of amino propanol which is used 
for esterification. 

AmIN'OBENZOATES 

By far the most numerous and exten- 
sively used local anesthetics are the es- 
ters prepared from aminobenzoic acid. 


Aminobenzoic acid may have one of 
three configurations— tlie ortho (2), meta 
(3) and para (4). All three have been 
esterified with various amino alcohols to 
yield useful local anesthetics. Of the 
three series of aminobenzoates the para- 
amlnobenzoates are the most satisfactory 
and widely used. Two series of para- 
aminobenzoates are known: (1) the sol- 
uble and (2) the insoluble. Esterification 
of paia-aminobenzoic acid with simple 
aliphatic alcohols yields poorly soluble 
compounds with a feeble local anesthetic 
action and low toxicity. The ethyl ester, 
commonly known as anesthesin (benzo- 
caine), is non-injectable but satisfactoiy’ 
for topical anesthesia. The propyl ester 
(propaesin) and the butyl ester (butesin) 
are similar to anesthesin, Butesin may 
be esterified with picric acid to form the 
well kno^vn butesin picrate, used for sur- 
face anesthesia. The methyl ester is 
without effect. However, a hydro.xyl 
group placed in the ortho position with 
reference to the,amino group converts it 
to orthoform which is, likewise, feeble 
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TABLE 11.21 

l^soI.UI>l.E Estcks Of Amiko Beszoic Acid 



Para Aroino Benzoic Acid 
(I, Curboxy, •! Amino 
Benzene) 


McIa Anunobenzo'ic Acid 
(I, Carboxy 3 Amino 
Benzene) 


Ortiio Am'mobenzoic Acid 
(1, Carboxy 2, Amino 
Benzene) 



Ortiioform (New) 


Orthoform (Old) 


and only used for topical anesthesia 
(Table 11.21). An orthofonn '‘new” has 
also been prepared., Tlie amino g^oup is 
in the ortho and the hydroxyl in the para 
position in this compound. The relative 
insolubility of these simple esters ac- 
counts for the low toxicitv of this series 
and limits their usefulness except for 
topical anesthesia. Tlie nitrogen atom 
in all of these is on the (aromatic) acid 
part of the molecule. All these deriva- 
tives are feebly basic. 

SOLITBLE PaBA-AmiNOBENZOATES 

The second or soluble group of esters 
of para-aminobenzoic acid is also formed 


from aliphatic alcohols. In these the 
amino groups appear on one carbon of 
the alaihnl also^ asuaUy the terminal 
carbon. Diethylamino ethanol esterified 
with para-aminobenzoic acid yields pro- 
caine. This is the same as placing a di- 
etliylamino group on anesthesin. The 
modification in structure increases both 
solubility and potency many, many 
times. Procaine forms a procaine amide 
(Pronestyl) which has low anesthetic 
potency but exerts a beneficial effect in 
cases of cardiac irritability. 

Txvo nitrogen atoms are present on 
these aminobenzoate molecules, one on 
the acid and one on the alcohol part of 
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the molecule. By varying the carbon 
content of the alcohols and the alkamino 
radicals, branching the chain, and using 
various substituents to replace the hy- 
drogen atoms on either amino groups, 
a series of useful anesthetics may be 


prepared, among which are tetracaine 
(Pontocaine), butethamine (Monocaine), 
larocaioe, amylcaine and tutocaine. The 
structures of these are represented in 
Table 111.21. 


TABLE 111.21 
Auiso BE\toic Acid Serie*? 


II 

/ 

N 



Tetracaine (Pontocaine) 



H 



2 H>droxy Tetracaine (Rhenocaine) 



Tutocaine 


Butethamine (Monocaine) 




Larocaine 


Amylcaine (Amylsine, Naepaine) 
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OuTHO-AMiNouENzoxTES Ijon in stTuclure results in a compound 

The amino group appears in the ortho of lesser potency and solubility than pro- 
position in periclocame (Lucaine) (Table caine. Melabutethamine (Unicaine) has 
V.21). The carbox)’! group is esterihed an amino group on the meta position in- 
with piperidine propanol. This modifica- stead of the para position. Tlie acid is 


TABLC IV.21 

l*AOCMNZ ScniES 



I’rocnine 2 Chlor Procaine 

<Ne«M:twRe, Versoeame) 



2 ilvdro’fj’procaine MetaHydroxy Procaine 

(0\> procaine) 



Propoxycaine ^^etabutoxy Procamo 

(Ravoiaine, Pcavocame Bbckainc) (Dorsacaine, Benoxinate) 



2 Butovyprocaine 
(Sympocaine) 
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TABLE V.21 

Miscellaneous Acids — Series 


Ortho Amino Bemoalfs 



^^ela Amino Benzoate 



Piperidy Propanol Ester 
(Kridocaine, Lucaine) 


Metabutethamine 

(Unacaine) 



O— CHr— C!Ir-N 

I. ^ 

Proparacaine (Opthaine) 
Paraelhoxybenzoalet 


~C— 0— CHr-CHr-N 

A \ 

MsMcaine (Intracalne) 
Carbamates 


CJfi 

C,H» 



C 4 H, C,II» 

^C,H. 

Metabutoxycsine (Primscaine) 
Cinnamates 


^?r-CII*ClI— 0-0— CHr-CH,— CHf— X 


Apothesine 


,/ 


/ \N— CH^CII— CH, 

^ A A 


o=i i=o 

H— ll jl— H 

Diothane (Diperodon) 


\ 

II 


IH,— CH,— CHr-N\_ 

c„/' 


Cyclometbycalne (Surfacalne) 


esterified with isobutyl amino ethyl al- 
cohol. 

Alkoxy BeSs’ZOATES 
Tlte allcox)’ or ether linkage may be a 


substituent on the benzene ring. A series 
of para-ethoxy derivatives has been 
prepared most important of which is 
maztcafne (Intracaine). The carboxyl 
group is esterified with para-amino di- 
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elhylamino ethanol as is the case \vith 
procaine. The structure, therefore, is 
similar to procaine with tlie exception 
that an etlioxy group replaces the amino 
group in the para (4) position. 

Alkox^'-aminobenzoates 

Combinations of both the amino and 
alkoxy group (ether linkage) on the 
benzene ring have been used to fonn 
procaine derivatives. Bcnoxinnlc (buloxy- 
procaine) has a butoxy group in the 
meta (3) position with reference to the 
carbo.xyl group. Propoxycnine has a 
propoxy group in position 2 with refer- 
ence to the carboxyl group in procaine. 
Primacaine has a butoxy group in the 
meta (3) position of meta-aminobenzoate. 

Hydboxt’-aminobenzoates 
The liydroxyl group is substituted as 
a side chain on benzine of the pro- 
caine molecule (Table IV.21). Hydroxy' 
procaine (Oxyprocaine) has the OH on 
position 2 (ortho) with reference to the 
carboxyl group. It is similar to procaine 
in properties. The hydroxyl group may 
be on position 3 (meta) in which case it 
is called mefa-Jii/droxyprocfline. It also 
is similar to procaine in activity. 

ClILORO'AMINOBENZOATES 

Chloro derivatives of procaine, like- 
wise, have been prepared (Table IV.21). 
Best kno>vn of these is a 2 chJoroprocaine 
(Nesacaine), which is similar to procaine 
m potency but less toxic and more easily 
hydrolyzed. 

Substitution into the Amlno Croup 
Shortening the ethyl groups on the 
amino groups to methyl groups and re- 
placing one of the hydrogen atoms of 
die para-amino group by a butyl radical 
converts procaine to tetracaine (Ponto- 


caine, Amcthocaine) (Table 111.21). The 
potency and toxicity are both increased 
tenfold by this change. A hydroxyl group 
in the 2 (ortho) position with reference 
to the carboxyl group of tetracaine forms 
hydroxytetracainc (Rhenocaine), 

ClNN’AMATES 

An ethenyl group in the para position 
converts benzoic acid to cinnamic acid. 
Cinnamic acid has been used to form a 
series of local anesthetics, the most im- 
portant of which is apothesine. The 
structure of apothesine, the cinnamate 
of dielhylamino propanol, is shown in 
Table V.21. 

ViiENYL Carbamates 

Phenyl carbamic acid forms a number 
of esters which possess anesthetic ac- 
tivity. Diothane is the most important of 
this type. Diothane is an ester of l,2,di- 
hydroxypropane. A piperidine group 
appears on the terminal nonhydroxylated 
carbon. Each hydroxyl group is esterified 
with a molecule of phenyl carbamic acid. 
The phenyl portion of the acid is con- 
sidered the aromatic residue which con- 
fers the bpophilic qualities to the mole- 
cule; the piperidino group bears the 
tertiary amino nitrogen and confers hy- 
drophilic properties. Esters less im- 
portant than the aforementioned have 
been prepared but are rarely used clini- 
cally. 

Miscellaneous Esters 

Esters of fitoric acid and various ali- 
phatic alcohols possess local anestlietic 
activity but their use has been merely 
experimental. Ethyl morpholine deriva- 
tives of alcohol esterified with benzoic 
acid also possess local anesthetic activity. 
The series of drugs prepared by esterify- 
ing the alkaloid, cystisine, with organic 
acids yield drugs with anesthetic activity 
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but they are of no clinical importance. 
Naphthoic acid, 


and amino naphthoic, 


NHs 



likewise, forms esters which possess local 
anesthetic activity. Bonacaine is the 2 
hydroxy 2 naphthoate ester of diethyl 
amino propanol. 

Substances which manifest pressor ac- 
tivity have been joined to amino-benzoic 
acid derivatives in the hope of obtaining 
drugs possessing combined pressor and 
anesthetic effects. These have met with 
little success. Acids in which sulphur re- 
places the oxygen atoms of the carboxyl 
group have been used to prepare esters 
of amino ethanol and other alcohols. 
These substances were found toxic and 
irritating. 

Amides 

The important non-ester derivatives 
are amides or analides. As is the case 
with the esters they, too, are derived from 
some acid which has the hydroxyl of the 
carboxyl group replaced by an amino 
group. A series of local anesthetic drugs 
has been prepared from quinoline. Of 
these, dibucaine (percaine, Nupercaine) 
is clinically important Quinoline con- 
sists of a pyridine fused with a benzene 
ring. A carboxyl group on the pyridine 
nucleus converts it to cinchoninic acid. 
Instead of an ester, an amide is formed 
from the acid and a hydrogen of the 
amide group is replaced by ethylene di- 
ethyl amine. In addition a butyl-o\y 
group appears on the alpha position of 


the pyridine nucleus (Table VI.21). 

Lidocaine (Xylocaine, Lignocaine) 
likewise is an amide. It may be looked 
upon as diethyl amino acetamide with 
one hydrogen of the amide grouping re- 
placed by a 2, 6 dimethyl benzene. It 
also may be considered as 2, 6 dimethyl 
analine, with one of the amino hydrogens 
replaced by a diethyl amino acetyl 
group. Mepivacaine (Carbocaine) also is 
an amide allied to lidocaine. These are 
represented in Table VI.21: 

Miscellaneous 

Numerous compounds are known 
which do not fit into the classification of 
hydroxy compounds, amides or esters 
which have local anesthetic properties. 
Quinine may produce prolonged local 
anesthesia. Chemically, quinine is a 
cupreine. A hydroxyl group is present as 
a side chain on a lieterocyclic nucleus. 
It also possesses two nitrogen atoms 
which confer basicity to the compound. 
Eucupin, which is derived from quinine, 
also produces prolonged anesthesia, but 
possesses less local toxicity. The vinyl 
group of quinine is hydrogenated to re- 
move the unsaturation and the methyl 
ether on the quinoline portion of the 
structure is converted to an isoamyl 
ether. The resulting isoamyl hydrocu- 
prcine or eucupin is less toxic than qui- 
nine and causes destruction of tissues. 
These derivatives are actually complex 
heterocyclic alcohols with substituted 
side chains. Dimethoisoquine (Quotane) 
is a derivative of isoquinoline but is 
neither an amide or an ester. A dimethyl 
amino ethyl group is linked to the nitro- 
gen containing portion of the ring by an 
ester (oxy) linkage and a butyl group as in 
position 3. The drug is useful for surface 
anestliesia only. It is not a convulsant. 

Certain phenyl ketones have been 
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TABLE VI^l 

Amides and Auidines as® Oiheii Non Esters 



Lidocame (Xylocainp) Mepivacaine (Carboeaine) 


-N-CWr-Cir,— N 

Dibueaine (Niipercaine, Perca!no) 





\ 


— -v O— C,H. 


Ethenyl Diethoxy Diphenyl Amidine 
(llolocaice, Phcnacaine) 


Dyclonine 
(Dyclone, Falicam) 


-Cn,-CHr-CH,-N 

\ 

Praxamine (Tronothane) 



DimethjAoquin 

(Quotane) 


studied for their anesthetic potency. 
Among (hese is dyclonine ("Dycione) 
which is a 4 propoxyphenyl piperidino 
ethyl ketone. TTiough not an ester or an 
amide this derivative in. most respects 
follows the general grouping of amino 
group, pivot and hydrocarbon residue. 
However, it is not a convulsant. Ami- 
done, a narcotic, possesses a local anes- 
thetic effect comparable to cocaine top- 
ically. Meperidine likewise has some 
local anesthetic action. Both are irritat- 
ing to the cornea of animals and skin of 
man. The antihistamines are derivatives 
of phenylene diamine. They too do not 


follow the general configuration of the 
ester and amide type compounds. They 
are not convulsant. 

Parethoxy analine, 

CHr-0<^^NH,, 

forms tile basis of analgesic and anes- 
thetic drugs. From it, the well known 
phenacaine (Holocaine) (Tauber 1897) 
has been prepared. Chemically it is N,N' 
di paraethoxy) phenyl acetamidine (Ta- 
ble VI,21). ’Ibis is a strongly basic com- 
poxmd used for topical anesthesia. It is 
not suitable for injection. 
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RELATIONSHIP OF CHEMICAL 
STRUCTURE TO 
PHARMACOLOGIC ACTIVm' 

A number of interesting relationships 
exist between the chemical structure and 
pharmacologic activity of the amino 
esters and amides. There are some com- 
pounds in which the nitrogen atom is 
incorporated in the heterocyclic nucleus. 
It still acts as a tertiary amine when 
arranged in this manner. Such an ar- 
rangement is found in cocaine, pipero- 
caine, diothane and many other deriva- 
tives. Conversion of an amino group in a 
potent local anesthetic to a quaternary 
base nullifies anesthetic activity. The 
aromatic nucleus is the most common 
hydrocarbon nucleus encountered in the 
clinically useful drugs. The aromatic 
nucleus is most often a single benzene 
ring which is either a plain phenyl radi- 
cal or has side chains at various positions. 
However, the double benzene ring 
(naphthoic) nucleus may be present. 
Compounds with the double benzene 
ring tend to be less soluble. The hydro- 
carbon nucleus may also be derived from 
quinoline as it is in dibucaine. This is a 
double cyclic structure which is a fusion 
of an aromatic nucleus and pyridine. 

Introducing an additional amino group 
in the molecule by placing it on the 
aromatic ring usually increases local an- 
esthetic activity. This is a notable char- 
acteristic of the aminobenzoates. The 
position the amino group occupies in the 
ring influences potency. Compounds in 
which the amino group is in the para 
position with reference to attachment to 
the aliphatic side chain are more potent 
than those in which the attachment is in 
the meta or ortho position. Procaine, for 
example, derived from para-aminoben- 
zoic acid is more potent than period- 
caine (Lucaine), which is similar in 


structure but is derived from ortho- 
aminobenzoic acid. Substitution into the 
amino group on the ring also increases 
potency. Tetracaine, for example, has a 
butyl radical replacing one hydrogen 
atom of the amino group on the aro- 
matic nucleus to form a secondary 
amine. In addition, the ethyl radicals on 
the alcohol portion of the molecule are 
shortened to methyl groups. The potency 
is increased 10 times by this alteration 
in molecular configuration. The alko:q' 
group entering the aromatic structure as 
a side chain increases potency, as for ex- 
ample, in oxyprocaine. As the length of 
the ether side chain increases both anes- 
thetic activity and toxicity increase. The 
increase in toxicity, however, does not 
necessarily parallel the increase in anes- 
thetic potency, 

Simple esters of the aromatic series 
are relatively insoluble. Conversion to 
amines increases the solubility. Tlie 
classic example is the conversion of ethyl 
para-aminobenzoate (benzocaine) to pro- 
caine, a diethyl amino compound. The 
amino group confers basic properties to 
the compound. Basicity is increased as 
well as solubility and potency. Increas- 
ing fhe length of the ester group (the 
pivot or isoteric group) decreases the 
basicity of the compound. The free base, 
therefore, is liberated at lower pH. Like- 
wise the potency and toxicity of the 
compound are increased as carbon atoms 
are added. Lengthening the allq^l radi- 
cals on the amino nitrogen likewise de- 
creases the basicity and increases po- 
tency and toxicity. 

GENERAL CHE^aCAL 
PROPERTIES OF LOCAL 
ANESTHETICS 

With the exception of cocaine and 
other alkaloids extracted from coca 
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leaves local anesthetics are sjTithetic 
substances. Even though tliey are syn- 
thetic they possess the general chemical 
properties of alkaloids. All local anes- 
thetics, as has been mentioned, are bases 
by virtue of the amino nitrogen groups 
in the molecule. They are, thus, able to 
form salts witlr acids. Aqueous solutions 
of the free base are alkaline. Tlie basicity 
of the compound varies with the molecu- 
lar configuration and degree of ioniza- 
tion. Tlie pH range in most cases is be- 
tween 7-8. Compounds having two 
amino nitrogen atoms, as for example, 
procaine, are, as a rule, more alkaline 
than those with one. Free bases are poor- 
ly soluble in water. The importance of 
the base in causing the physiologic alter- 
ation in the nerve is described later 
on. Alkalies (the hydroxides) and the 
alkaline salts (sodium bicarbonate) pre- 
cipitate the free base from aqueous solu- 
tions of salts. The extent to which the 
base is liberated depends upon the alka- 
linity of the solution. The bases are 
viscid h’quids or amorphous solids wliich, 
tliough sparingly soluble in water, easily 
dissolve in lipoids, oils, greases and vari- 
ous organic solvents. Suspensions of d»e 
bases are sometimes used for topical an- 
esthesia. A suspension of cocaine base in 
water (cocaine milk, cocaine mud) is 
used for topical anestlresia. The rationale 
for its use is described later on. The base 
is used for preparation of ointments and 
oily solutions customarily employed for 
prolonged anesthesia. Most salts of local 
anesthetics are sparingly soluble or in- 
soluble in lipoids and organic solvents. 

Most local anesthetics are dispensed 
in the form of the salt. The formation of 
salts from the base and acid is similar to 
the union of ammonia with an acid or 
the neutralization of ammonium bydnw- 


idebyanacid: 

Nil, -fna-*Nihci 

iiNir,-f-nci^iiNH,-ci. 

Salts of local anesthetics are crystalline 
substances, the majority of which dis- 
solve in water to form solutions whicli 
are acid in reaction. Tlie pH of such 
aqueous solutions ranges between 4 to 
7.0, depending upon the base and the 
acid used to form the salt. A variety of 
acids may be used to form the salts. Hy- 
drochloric acid is most commonly used; 
the resulting salt is known as the hydro- 
chloride. The choice of acid is made 
from the standpoint of pH of the result- 
ing solution, solubility, crystal formation, 
stability, ease in handling of the salt 
(weighing). The basic form is liberated 
from the acid when the drug is injected 
into the tissues. The basic form enters 
the nerve and produces the physiological 
effect. Tissue fiuids have considerable 
buffering capacity and, therefore, the 
base is liberated from solutions of salts if 
a solution which is not too acid is used. 
The pH of the salt becomes adjusted up- 
ward to the hydrogen ion concentration 
of the tissues into which it is injected 
Likewise the pH of an alkaline solution 
IS brought down to the hydrogen ion con- 
centration of the tissue. It was once be- 
lieved tliat increased anestlietic activity 
resulted from alkallnization of solutions 
of local anesthetics to the point short of 
precipitation. This lias not proved to be 
the case. The buffering action of the tis- 
sues adjusts the pH of tlie solution to 
that of the tissues. Alkallnization, there- 
fore, is without effect if solutions are 
used for injection. However, potentia- 
tion does occur if the drug is applied 
topically because the mucous mem- 
branes are devoid of buffering action. 
Certain drugs, such as dibucaine or tet- 
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racaine have precipitating points close 
to pH 7 and may precipitate the free 
base when mixed with spinal fluid which 
is alkaline. Knight and his associates us- 
ing cerebrospinal fluid noted that pro- 
caine mixed with spinal fluid which had 
a pH 7.2 precipitated at pH 9.4 
when sodium hydroxide was added; di- 
bucaine gave a pH 7.4 and precipitated 
at pH 8.35; tetracaine gave a pH 7.2 and 
precipitated at pH 8.10; piperocaine 
gave a pH 7.15 and precipitated at pH 
8.75. The salts had a pH as follows: pro- 
caine 5.35, dihucaine 6.02, tetracaine 
5.30 and piperocaine 4.0. 

Local anesthetics are usually ineffec- 
tive when injected into inflamed areas. 
Several explanations are offered for this 
behavior: (1) Absorption is increased 
from the injection site due to the hyper- 
emia caused by the inflammation. (2) 
The tissues are acid in reaction due to 
the acid products liberated by the dis- 
ease process. The base which is the effec- 
tive form of the drug fails to be liberated. 

The salts of sulphuric, formic, mucic, 
lactic and boric acid are sometimes used 
instead of hydrochloric. The pH of their 
aqueous solutions differs from those of 
the hydrochloride. 

Similarities to Alkaloids 

Alkaloids are organic amines derived 
from plants. Local anesthetics, since 
they too are amines, are similar to alka- 
loids. They respond to the same tests 
and show similar chemical responses, 
such as precipitation, salt formation, 
color reactions, etc. Solutions of picric 
acid, gold chloride, iodine, potassium 
mercuric iodide and such combinations, 
kmown as alkaJoidal reagents, cause pre- 
cipitation of distinctive colored, crj’slal- 
line compounds which maj’ be used for 
qualitative identification (Chap. 16). 


BIOLOGICAL AND 
BIOCHEMICAL ASPECTS OF 
LOCAL ANESTHESIA 

The mode of action of a local anes- 
thetic once it enters the nerve fibre is not 
known in spite of the intensity with 
which study of this subject has been pur- 
sued. Early workers attempted to corre- 
late the blocking effects of local anes- 
thetics with narcosis produced by gen- 
eral anesthetics and to associate the 
same mechanism of action for both types 
of drugs. It has been well established 
that the mechanisms involved in each 
case are different. Nonetheless, certain 
data which was accumulated in these 
early studies are of interest and may 
have some practical significance. 

Lipom SoLUBn-iTY 

It was once believed that local anes- 
thetics obeyed the Overton-Meyer rule 
(Chap. 27) because the bases manifested 
varying degrees of lipoid solubility and 
were relatively insoluble in water. How- 
ever, data of Lbfgren and other workers 
indicate that the Overton-Meyer rule is 
not valid for local anesthetics. Ldfgren 
determined the distribution coefficients 
of 22 local anesthetics in oleyl alcohol- 
water systems. These compounds were 
of the aminoacyl amide type and were 
compared with procaine. No correlation 
could be found between the distribution 
coefficients and anesthetic potency. The 
Overton-Meyer rule applies to inert sub- 
stances. Local anesthetics are not chemi- 
cally inert. The rules does, however, 
apply to general anesthetics when tliey 
are applied directly to nerve fibres and 
induce local anesthesia. Isolated nerves 
exposed to ether, chloroform and other 
volatile anesthetics produce a blockade 
also. The concentrations necessary to 
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produce such a blockade are far greater 
than those necessary in circulating blood 
wlien these drugs are used to induce 
general anesthesia. Tlie blockade pro- 
duced by conventional local anesthetics 
probably results from the effects of the 
drug on the lipoprotein film at the sur- 
face of the plasma membrane. The lipo- 
protein film, as has been mentioned pre- 
viously, is composed of metallic ions, 
neuroprotcins and lipoids. Presumably 
the metallic ions are the instruments for 
conduction. Local anestlietics have ac- 
tive groups and act by polar association. 
By this is meant that the hydrophilic 
pole becomes oriented into the aqueous 
phase and the aromatic hydrocarbon res- 
idue into the lipoid phase of the mem- 
brane proper. Indifferent narcotics sucli 
as ether and chloroform, probably exert 
their effects by Van der Waal’s forces 
(Chap. 27). 

SimrACE Tension and AnsonpnoN 
Attempts have been made to associate 
activity and potency will) physicochemi- 
cal phenomenon, hfuch of the data avail- 
able indicate that whatever changes are 
caused by a local anesthetic in a fibre 
occur at the surface of the fibre. Data to 
support this was obtained in some of the 
early experiments on narcosis. Tliere ap- 
pears to be some correlation between the 
ability to lower surface tension and an- 
esthetic activity but this is not a consist- 
ent finding and no generalization can be 
formulated. The addition of local anes- 
thetics to oil/water systems in vitro 
causes a lowering of interfacial surface 
tension. Tliesc observations have in the 
past been used to support the theory that 
lowering of surface tension causes nar- 
cosis. Local anesthetics are readily ad- 
sorbed to activated surfaces. In vitro, lo- 
cal anesthetics are adsorbed to nega- 


tively cliarged particles, such as those of 
activated charcoal. Tin's is also true of 
many alkaloids also. The degree of ad- 
sorption at a solid-liquid interphase gen- 
erally parallels narcotic potency of a 
series of drugs. 

Protein Coagulation 

Tlie effects of local anesthetics upon 
the intracellular protein was once be- 
lieved to be similar to that produced by 
general anesthetic drugs. Reversible, 
ultra-microscopic coagulation of protein 
within the cells has been reported. This, 
however, may be a manifestation of tox- 
icity since the quantities necessary to 
produce this effect are far greater than 
are ordinarily used clinically. 

Influence of Myelin Siteath on 
Conduction 

Some nerve fibres are surrounded by a 
sheath of myelin which is enclosed in a 
histologically distinguishable membrane 
called the neuroJemma. Tlie myelin is 
interrupted at intervals of one mm. or 
less into sausage-like segments. At these 
points myelin is absent and the sheath 
dips down to and makes contact with 
the axone. These interruptions are called 
the nodes of Banvier. The myelin acts as 
an insulator for the nerve fibre and in- 
creases efficiency of conduction by con- 
serving energy. Local anesthetics do not 
penetrate the myelin and can, therefore, 
pass into nerve fibres only at the nodes 
of Banvier. They do, however, readily 
penetrate into unmyelinated fibres. An- 
esthesia is established sooner and with 
less concentrated solutions in such un- 
insulated fibres. 

Interference wmi Humoral 
Mechanisms 

The mechanism by which local anes- 
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thetics stabilize the membrane is not 
kno^vn. One thought is that some hu- 
moral substance, possibly acetyl choline, 
normally mediates the changes in per- 
meability and permits the migration of 
ions during transmission of the action 
potential. Local anesthetics, acting by 
competitive inhibition, prevent the 
changes in permeability by competing 
with the receptors for acetyl choline in 
the neural membrane. Tlie structures of 
many local anesthetics hear some resem- 
blance to that of acetyl choline. Data in 
support of this idea are not convincing. 

Another thought is that the local an- 
esthetic may act by competing with spe- 
cific enzymes for the activation and 
completion of a chain reaction which 
causes the release of energy necessary to 
effect the ionic migration which occurs 
across the membrane. Acetyl choline 
likewise is involved but in this case initi- 
ates the release of energy from high en- 
ergy phosphate bonds (Chap. 27). The 
energy causes the release of acetyl cho- 
line from the adjacent areas so that the 
reaction is relay-like. Evidence exists 
that local anesthetics alter metabolism of 
nerves. The oxygen consumption and 
utilization of glucose, for example, are /n- 
bibited by procaine and cocaine. Tlie 
output of carbon dioxide is decreased 
and the output of ammonia is increased. 
The relationship of this depression of 
metabolism to the causation of the block 
is not known. 

Threshold Concentrations and 
“Fltinc” 

A minimal or threshold concentration 
must surround the fibre to cause a block- 
ade. Concentrations weaker than this are 
uithout effect. The perineural concen- 
tration necessary to produce a block is 
many limes the tolerable plasma level. 


The drug requires time for passage into 
a nerve fibre but relatively speaking 
passes very rapidly into the membrane 
due to the high external gradient. The 
rate of entry varies with the chemical 
nature of the drug, the concentration 
and the tjqie and size of the fibre. Thus, 
there is a latent period from the moment 
the drug is applied until a blockade is 
established. After the injection the drug 
is carried away by the lymph and the 
perineural concentration gradually falls. 
As soon as the perineural concentration 
falls below the intraneural level, the 
drug begins to re-enter the I^mph, Con- 
duction is re-established as soon as the 
concentration is belmv the threshold 
value. The threshold value differs for 
each drug under a uniform set of experi- 
mental conditions. Conduction is "all or 
none” without decrement . In other words 
the blockade in a partially narcotized 
area is as complete as in the completely 
narcotized area and continues so until 
the concentration falls below the thresh- 
old level and the membrane is restored 
to its active state. Exceeding the thresh- 
old concentration does not increase the 
intensity of the block since it is “all or 
none.” It may, hou’ever, prolong the 
block somewhat because more time is re- 
quired to carry tlie additional quantity 
from the perineural area. The increase in 
duration is not proportioned to the in- 
crease in amount. For example, doubling 
the quantity applied does not double the 
duration. 

The passage of the drug into the fibre 
and its union with whatever receptors 
are involved in conduction with the sub- 
sequent estabhshment of the blockade is 
often referred to as “fi.\ing” by clinicians. 
The term is misleading because it infers 
that some irreversible chemical union or 
binding occurs. Little is known of the in- 
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teraction that occurs at the molecular 
level between protoplasm and local an- 
esthetics. The bonding, whatever it is. Is 
reversible. 

Ionization and Narcosis 
Narcosis is caused by the undlssoci- 
ated molecule of the free base. In gen- 
eral, the free bases of most local anes- 
thetics are poorly ionized. As a rule the 
salt is more highly ionized. The cation is 
positively charged and is the same in 
both cases. The ionization is represented 
as follows: 

NRiOII -» NII4+ + oir, 
NR4C1-»NR4+ + CI' 

Krahl, Kaeltch and Clowes studied the 
inter and extracellular pH of arabica 
eggs. The pH of the Intracellular proto- 
plasm is lower, that is, it is more acid, 
than that of the extracellular medium 
surrounding the cell. Equilibrium con- 
centrations of both the cations and tho 
total base inside the cell are in excess of 
those outside it. Immersing the eggs in 
solutions of the free bases of local anes- 
thetics was followed by penetration of 
the undissociated molecules into the cell. 
Presumably tlie local anesthetic action is 
due to the intact undissociated molecule 
and not the ion. 

Saturated solutions of the free bases 
are less concentrated than solutions of 
the salt because of the relatively lower 
water solubility of the base. As the pH 
increases a point is reached at which the 
base begins to precipitate. This point 
varies for each drug. For procaine it is 
above 8.4. 

Potency and Duration of Action 
The clinical usefulness of a local an- 
esthetic drug depends upon its potency, 
duration of action and toxicity— both lo- 
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cal and systemic. Potency and duration 
of action are related but do not neces- 
sarily parallel each other. Potency refers 
to the quantity necessary to effect the 
physiological change. Tetracaine, for ex- 
ample, is ten times more potent than 
procaine. One-tenth the quantity is nec- 
essaiy to block conduction under identi- 
cal circumstances. The duration of the 
block is nearly twice that of procaine. 
Quantity and duration, therefore, are 
not directly related. Both potency and 
duration of action vary with the chemi- 
cal configuration of the molecule since 
dllFusability, adsorbability, orientation of 
the molecule at the lipoid-water inter- 
phase and ease of destruction are related 
to molecular structure. 

Latent Period 

It has been mentioned that a latent 
period of several or more minutes elapses 
from the moment the drug is applied un- 
til blockade occurs. The periods of la- 
tency increase progessively as tlie dura- 
tion of action increase. Thus, dibucaine 
has a longer latent period than tetra- 
caine, whicli in turn has a longer one 
than procaine. Data concerning time of 
onset obtained in vitro using isolated 
nerve preparations differ from those ob- 
tained clinically. Clinically tlie drug is 
injected into the tissue surrounding the 
nerve while experimentally the drug is 
applied directly to the fibres. The drug 
becomes diluted with the perineural tis- 
sue fluid. The greater the distance be- 
tween the point of injection and the 
nerve the greater the dilution. Then, in 
addition, some of the drug is carried 
away by the blood and lymph. Tliere- 
fore, vTiriable results are obtained in 
studies in the intact animal or in man 
since all conditions are not fixed and 
concentration is uncontrollable. The 
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concentration of the injected solution 
must be greater than the threshold con- 
centration necessary for an eflfective 
block. Data using isolated nerve prepa- 
rations are more precise and present a 
more realistic picture from an experi- 
mental point of view. 

Selectivity op Action 

A difference in susceptibility of vari- 
ous types of fibres has been observed 
clinically. Autonomic and sensory fibres 
arc affected before motor. This was once 
ascribed to differences in chemical com- 
position of the various nerve fibres. This, 
however, was an erroneous assumption. 
It has been well established that this be- 
havior is in no way related to chemical 
differences but that fibre size plays the 
dominant role in the variations in sus- 
ceptibility. The sensory and autonomic 
fibres are smaller than the motor and are, 
therefore, affected first. Erhenberg has 
noted that the time required for induc- 
tion of a blockade by a particular drug 
varies inversely with the concentration 
of the drug and directly ivith the square 
of the radius of the nerve. Correlation 
between penetration and anesthetic ac- 
tivity is not vniform. Procaine, Jidocaine 
and ravocaine show equal penetration 
but different activity and duration when 
compared on a basis of molar concentra- 
tion. Likewise, there is no strict correla- 
tion between speed of penetration and 
duration of action. Other factors are in- 
volved, most important of which are lo- 
cal destruction of the drug. Generally 
the long lasting drugs are destroyed 
more slowly than brief acting. Dibu- 
caine, one of the longest acting is not 
hydrol}^ed by the tissue enzymes. 

In'actin’atiok IX THE Nerve 
The majority of local anesthetics are 


esters. They, therefore, undergo hydrol- 
ysis to a carboxylic acid and an amino 
alcohol. This occurs both in vivo and 
vitro. The hydrolyzed products are non- 
anesthetic. Compounds in which the 
bonding is of the amide type likewise un- 
dergo a hydrolytic type of cleavage. The 
resulting products in this type of cleav- 
age are an amide instead of an acid and 
an amino alcohol. Inactivation is carried 
on in the liver to a large e.xtent and is 
aided by enzymes. The ease of inactiva- 
tion bears some relationship to the dura- 
tion of action of the drug. As a rule, the 
longer lasting drugs are hydrolyzed 
more slowly than the rapid acting. More 
will be mentioned about detoxification 
later on. Longer lasting drugs appear to 
diffuse in and out of a nerve fibre more 
slowly than the shorter acting. It is not 
unreasonable to suppose that these two 
factors combined may explain the pro- 
longed duration. 

Cumulative Effects in Nerves 

Bathing a nerve fibre with Ringer’s 
solution fails to remove the drug com- 
pletely. The block, therefore, persists as 
long as the concentration exceeds the 
fhresfio/d value. Procaine appears to he 
washed from the fibre more easily than 
tetracaine. Dibucaine is also removed 
with greater difficulty than procaine. 

The outward diffusion of a local an- 
esthetic from the fibre occurs gradually. 
Recoveiy occurs when the inlraneural 
concentration of a drug falls below its 
threshold level. Some dnag still remains 
in the fibre even though conduction has 
been restored. The blockade may be re- 
established by adding the difference be- 
tween the amount present and the thresh- 
old v’alue. If the re-appIication is made 
several hours after recovery the original 
threshold concentration is necessary. 
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This is presumptive evidence that none 
of the drug is present in the fibre at this 
time. 

ABSOBPTION AND 
CONCENTRATIONS IN BLOOD 
Concentrations of local anesthetics in 
blood and tissue are not easily meas- 
ured due to the fact that specific tests 
are lacking and the quantities dealt with 
are minute. The perineural concentra- 
tion of a local anesthetic necessary to 
cause an effective blockade is many 
times greater than a tolerable blood 
level. Such concentrations if allowed to 
accumulate in the plasma would cause 
serious systemic reactions. During ether 
anesthesia, at surgical levels, a periph- 
eral nerve remains excitable and con- 
tinues to transmit impulses. The concen- 
tration necessary to depress tlie neurons 
of the central nervous system is far less 
than that required to cause a blockade of 
a nerve peripherally. The concentration 
of a local anesthetic in the blood which 
produces central depression is consider- 
ably less than that necessary perineu- 
rally to effect a blockade. Systemically 
the local anesthetics are highly toxic. For 
this reason local anesthetics are depos- 
ited in as small an area and are localized 
as close as possible to a nerve trunk. The 
total quantity is limited to the minimum 
necessary for effective anesthesia. The 
ratio and degree of absorption of a local 
anesthetic depends upon the vascularity 
of tissues at the site of injection. When a 
drug is injected into a highly vascular 
area, as for example the scalp, the dura- 
tion of action of anesthesia is brief (less 
than 10 minutes witli procaine). Injec- 
tion into the skin of the back where the 
blood supply is poor results in anestlie- 
sia which lasts 45 minutes or longer. The 
longer the local anesthetic drug remains 


at the site of injection the longer the 
block. 

Local anesthetics are rapidly absorbed 
from tlie mucous membranes and serous 
surfaces. Blood levels comparable to 
those obtained during intravenous infu- 
sion may be attained when they are top- 
ically applied. Local anesthetics are not 
absorbed from the unbroken skin. Ab- 
sorption is much slower from the sub- 
cutaneous tissues than the muscle. After 
subcutaneous injection of comparable 
weights of tetracaine and cocaine blood 
levels are barely detactable. However, if 
they are applied to the mucous mem- 
branes of the nose and trachea, the 
blood levels rise rapidly to about half of 
those obtained after rapid intravenous in- 
jection. Absorption and passage into the 
blood is slowest from the intrathecal 
space. Absorption from the peritoneal 
cavity is almost as rapid as If the drug 
were given intravenously. Regardless of 
the site of injection all local anesthetics 
ultimately pass from the tissues into the 
blood stream and thence to the liver or 
kidney after which they are eliminated or 
detoxified. 

DETOXIFICATION 

The ester and amide type of local an- 
esthetic drugs are partially or com- 
pletely detoxified by the tissues of tlie 
body. Unmetabolized portions are elimi- 
nated unchanged into the urine by the 
kidney. Detoxification is accomplished 
almost entirely by the liver. Some break- 
down occurs in muscle, nerve, blood and 
other tissues. The chemical reactions in- 
volved are hydrolysis followed by con- 
jugation of the acid. Detoxification is 
accelerated by enzymes in the liver, 
blood and other tissues. The hydrolysis 
of procaine, for example, is catalyzed by 
a group of several enzymes called pro- 
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caine esterase into para-aminobenzoic 
acid and diethyl amino ethanol. Tro- 
caine esterase is believed to be identical 
to the pseudo cholinesterases. The serum 
pseudo cholinesterases are not specific 
for procaine, since they hydrolyze other 
esters, such as acetylcholine, tetracaine, 
chlorprocaine, succinyl choline and so 
on. Physostigmine (eserine), which is a 
cholinesterase inhibitor, retards the hy- 
drolysis of procaine in vitro. In the intact 
animal, however, anticholinesterases ap- 
pear to exert little or no effect on the 
rate of hydrolysis of local anesthetics. 
The rate of detoxification depends upon 
the metabolic state of the individual re- 
ceiving the drug. Whether or not this is 
due to variations in activity of the en- 
zymes has not been established with 
certainty. The levels of both true and 
pseudo cholinesterases are decreased in 
certain disease states, For example, a de- 
crease in hepatic function is common in 
patients with toxic goiters, anemias, and 
diseases due to inadequate nutrition. 
This may result in low plasma cholin- 
esterase levels. Detoxification of local an- 
esthetics, therefore, may be delayed if 
used in their presence or if impaired 
liver function is present. 

An undetermined amount of non-en- 
zymic breakdown of a local anesthetic 
occurs in vivo. The amount varies from 
tissue to tissue and with each drug. The 
para-aminobenzoic acid resulting from 
the breakdown of procaine is either con- 
jugated with glycine to amino hippuric 
acid, methylated to para methyl amino- 
benzoic acid, oris eliminated unchanged 
in the urine. The three reactions may oc- 
cur simultaneously. The conjugated prod- 
ucts also are eliminated into the urine. 
Approximately 25% of the alcohol frac- 
tion of procaine (diethyl amino ethanol) 
is excreted unchanged into the urine. 


Presumably, the remainder is metabo- 
lized in the body. The hydrolysis of pro- 
caine occurs rapidly. A fatal intravenous 
dose (in a cat) is hydrolyzed within 20 
minutes. Halogenation of procaine in- 
creases the rate of hydrolysis. Procaine 
is hydrolyzed at K the rate of 2,chIor- 
procaine. An increase in rate of hydroly- 
sis also occurs with 2,bromprocaine, 8,5, 
dichlorprocaine and 2,chIorthiocame. 
Apparently halogenation facilitates en- 
zymatic hydrolysis. The majority of para- 
aminobenzoic acid esters are hydrolyzed 
partially or completely in the body. Tet- 
racaine is hydrolyzed at the rate of 
procaine. The more complex esters of 
other acids, as for example cocaine and 
the amides such as dibucaine, are hy- 
drolzed with greater difficulty and par- 
tially eliminated unchanged through the 
kidney. Hydrolysis occurs at a slower 
rale. Lidocaine is very stable and slowly 
hydrolyzed in vitro. In vivo, however, 
the breakdown is more rapid. The aro- 
matic ring is converted to a hydroxy com- 
pound which is conjugated with sul- 
phates. In four hours less than 3% appears 
in the urine. Piperocaine is hydrolyzed at 
is the rate of procaine. 

Studies on the detoxification of local 
anesthetics have been performed almost 
exclusively in animals. Data on the met- 
abolic fate of many drugs in man are not 
available due to the difficulty in carrying 
out experiments during clinical use. Re- 
sults of animal studies do not necessarily 
apply to man. Dogs and humans, for ex- 
ample, excrete cocaine unchanged into 
the urine while rabbits detoxify the drug 
completely by hydrolysis into ecgonine 
and benzoic acid, TTie hydrolysis occurs 
in the liver. 

Drugs which are destroyed or elimi- 
nated slowly are, as a rule, more toxic 
syslemically than those which are easily 
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detoxified. Practically speaking tlie 
safety of most local anesthetics depends 
upon the balance between the absorp- 
tion of the drug into the blood stream 
and its removal from the blood by de- 
struction, storage or excretion into the 
urine. In general, the ester type com- 
pounds are more easily hydrolyzed than 
those which have amide or ether type 
linkages. The fate of hydroxy type com- 
pounds has not been studied, presum- 
ably because they are used so little and 
they arouse little interest. Obviously, 
since they are not esters they cannot un- 
dergo hydrolysis. 

METHODS FOR EVALUATING 
THE EFFICACY OF LOCAL 
ANESTHETICS 

The clinical efficacy of local anesthetic 
drugs is evaluated by pharmacological 
and not by chemical methods. Tlie value 
of the data obtained varies with tire 
method used. Data obtained by one 
method may be compared only to data 
obtained under identical experimental 
conditions. The confusion and misunder- 
standing which exists concerning local 
anesthetics is due to attempts to com- 
pare data obtained under dissimilar ex- 
perimental conditions. Data of one in- 
vestigator employing one technique 
have been compared with those of an- 
otlier using a different method. The con- 
centration of the drug, the time interval 
from the moment of application to the 
onset of narcosis, the duration of narco- 
sis and the type and intensity of the 
stimulus used to test the narcosis, are 
important factors to record in such 
studies. Differences in chemical nature 
of the drug, physicochemical properties 
and external experimental conditions, 
such as concentrations, degree of ioniza- 
tion and pH may cause variations in re- 


sponse. Body temperature, temperature 
of the injected solution, the size of the 
area of injection and duration of contact 
of the drug with the nerve are all impor- 
tant factors which also are often varied 
and should be standardized. One drug 
may be applied to a nerve for five min- 
utes, but, due to slow penetration, maxi- 
mal action is not attained in that time. A 
short acting drug may attain its maximal 
effect in this time interval but the dura- 
tion of action may be longer than that of 
an ordinarily longer acting one because 
this overall duration of contact may be 
longer. 

Cocaine was formerly tlie standard of 
comparison for studying all the actions 
of local anesthetic drugs. However, co- 
caine is no longer used for infiltration; 
therefore, procaine has become the drug 
for comparison of injectable anesthetics. 
Cocaine, however, is still used as the 
standard for comparing the topical ef- 
fects of local anesthetics since procaine 
is devoid of topical action. 

Therapeutic and Lethal Doses 
In order to evaluate the worth of a 
drug it is necessary to know the mini- 
mum therapeutic dose and the minimum 
lethal dose. The minimum lethal dose 
expressed over the minimum therapeutic 
dose results in the ratio known as the 
therapeutic coefficient of the drug. 

THE EFFECTS OF DRUGS ON 
TISSUES 

Solubility 

As is the case with other anesthetic 
drugs the action of local anestlietics is 
reversible. After the drug is removed 
from the neuron normal function is re- 
stored with no visible structural or func- 
tional alteration. Besides, possessing re- 
versibility' it is important that a drug 
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exert no deleterious effect on surround- 
ing tissues. Hundreds of drugs have 
been synthesized which possess local an- 
esthetic activity but have been dis- 
carded because they caused local irrita- 
tion or were toxic systemically. Sloughs 
of the soft tissues have been reported 
following the infiltration of easily pre- 
cipitated drugs, Dibucaine and drugs of 
the quinine type have been objection- 
able in this respect. Some of this irrita- 
tion may be due to poor water solubility 
at the pH of the tissues. It has been sug- 
gested that during infiltration anesthesia 
the crystals precipitate in the tissues and 
act as a foreign body. Insoluble anes- 
thetic drugs, such as benzocaine possess 
some water solubility but not enough to 
be used for infiltration. 

Transitory or even permanent damage 
to tissues has resulted from improperly 
prepared solutions of the currently used 
drugs. Destruction of tissues has re- 
sulted from using eitlier highly alkaline 
or highly acid solutions. Generally most 
local anesthetics are used in the form of 
the salt. Tlie pH of the salt is anywhere 
from 4 to 7.0. Solutions having a pH less 
than 3 or 4 or greater than 6.8 are more 
irritating. Procaine hydrochloride at pH 
4.0 is irritating when injected. Procaine 
borate is alkaline in reaction due to the 
fact that boric acid is a far weaker acid 
than hydrochloric acid. Tlie solutions of 
the borate have a pH of 8.1. Procaine bo- 
rate has caused pain during injection in 
a considerable portion of the patients. 
However, in clinical trials it has been 
found that the more acid solutions have 
caused more pain and irritation to tis- 
sues than the alkaline. 

Tovicrrv of Solvtioss 

Another factor of importance in con- 
sidering the effects on tissues is the os- 


motic effect of local anesthetics. Tissues 
ordinarily possess an osmotic pressure 
equivalent to that of a 0.9% aqueous so- 
dium chloride solution. Aqueous solu- 
tions of salts of local anesthetic drugs 
may exert an osmotic pressure greater 
or less than that of tissues depending 
upon the concentration. Hypertonic or 
hj-potonic solutions injected into tissues 
disturb the osmotic equilibrium between 
iJie cell and the external environment. 
Water diffuses from the cell when hy- 
pertonic solutions are used so that 
shrinkage of the cell results. These 
changes may be followed by death or 
partial loss of function of the cells. A 
hypotonic solution causes a similar at- 
tempt to adjust the disturbed osmotic re- 
lationship. ^Vate^ diffuses inward and 
the cells swell, Hypotonic solutions are 
less deleterious than hyper since they do 
not attract solids from the cell. A 4% 
aqueous solution of procaine exerts an 
osmotic pressure equivalent to that of 
the cells. Solutions of procaine ordinarily 
emplo)'ed clinically range in concentra- 
tion from 0.5% to 2%. They are, therefore, 
hypotonic and theoretically not physio- 
logical unless salt is added to bring them 
to normal osmolarity. A mixture of 0.45% 
sodium chloride and 2% procaine forms 
an isotonic solution. Potent drugs such 
as difaucaine or tetracaine offer less of a 
problem than procaine, piperocaine and 
drugs of like potency because the amount 
used is small and their osmotic effect is 
negligible if saline solutions are used as 
the solvent. Whenever possible isotonic 
solutions should be used. Hypertonic so- 
lutions are less desirable than hypotonic 
solutions. 

Concentrated Solutions 
Concentrated solutions may cause 
damage. In spinal anesthesia in dogs 
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strong concentrated solutions of pro- 
caine caused changes in the ganglion 
cells. Lundy and Essex noted changes in 
spinal cords of dogs when concentrations 
of 12^1% and upwards were used. Other 
workers have reported neuritis, paresis 
or necrosis following both spinal anes- 
thesia and local nerve blocks with vari- 
ous dnigs. A combination of anestlietic 
drugs and sympathomimetic amines, 
such as epinephrine has been known to 
cause slough, particularly if peripheral 
vascular disease is present. It seems 
likely that the vasoconstrictor causes an 
ischemia Avhich is followed by necrosis. 

RELATIONSHIP OF CHEMICAL 
STRUCTURE TO TOXICITY 

Toxicity from local anesthetics is of 
two types, local and systemic. Systemic 
toxicity is manifested by convulsions and 
depression of the cardiovascular system. 
Systemic effects develop when a local 
anesthetic is rapidly absorbed or is used 
in amounts which cause a relatively high 
plasma level. Ordinarily the plasma lev- 
els are barely detectable after perineural 
injection. Toxic reactions are invariably 
due to overdosage. 

Some correlations can be made be- 
tween chemical structure and systemic 
toxicity. Some of these have been de- 
scribed earlier in the chapter. Generally 
the potent, clinically useful, injectable 
anesthetics are all convulsants and car- 
diac depressants. Beutner and Calesnick 
have pointed out that all the efficient 
local anesthetics stimulate the cortex 
and that the convukive power in most 
instances parallels their activity. In spile 
of statements made to the contrary, the 
clinically useful local anesthetics, with a 
few unimportant exceptions, conform to 
the general configuration of hydrocar- 
bon, an aliphatic pivot (isoteric group) 


and an amino group. Departure from 
this configuration tends to produce drugs 
which arc less efficient and locally irritat- 
ing from a clinical standpoint. The alco- 
hol type of drug (benzyl alcohol), the 
antihistamines, most of which are phenyl- 
enediamines, the cupreines (Eucupine) 
and the barbiturates are drugs capable 
of causing a blockade but have struc- 
tures which depart from this general 
molecular configuration. Their efficiency 
as local anesthetics leaves much to be 
desired. They cause considerable local 
irritation, and, as a rule, little convulsant 
activity. 

LOCAL TOXICITY 
Many local anesthetics have been pre- 
pared and studied which are unsuitable 
because they cause irreversible changes 
in nerve and perineural tissues. These 
drugs have a necrotizing effect. Injury, 
due to mechanical factors (needles, pres- 
sure) to the nerve and surrounding tis- 
sues may be an additional factor wliich 
is superimposed on the direct injury 
caused by the drug. It is possible for the 
free base of local anestlietics to be pre- 
cipitated in tissues due to alkalinity of tis- 
sue fluids. Decomposition of tire crystals 
In the tissues excites a foreign body reac- 
tion. The conventional drugs which are 
used clinically do not do this, however, 
because most of them precipitate at pll 
above 7.4. Slough due to dibucaine lias 
been reported. This drug precipitates at 
a lower pH than procaine. Possibly pre- 
cipitation could be a causative factor. 
Aqueous solutions of the salts are acid 
in reaction and, thus are capable of in- 
teracting with metals. Local irritation 
has been reported due to such interac- 
tion with the metal of plungers and other 
parts of syringes whicli conies in contact 
willi the solution. Irritation may he 
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caused by the solvents used to suspend 
drugs of low solubility which are pre- 
pared with oils and water soluble sol- 
vents, such as propylene and polyethy- 
lene glycols. Solutions of local anesthet- 
ics in this type of solvent have been used 
to produce long lasting anesthesia. Ac- 
tually few truly reversible local anes- 
thetic drugs produce a block lasting 
more than 232 to 3 hours. Blocks longer 
than 22 hours are only obtained by the 
use of some potentiating agent. Usually 
a vasopressor such as epinephrine or nor- 
epinephrine is used to retard absorption 
so that a longer period of contact is 
made with nerve tissue. Intense vaso- 
constriction resulting from use of these 
agents has caused slough. The addition 
of electrolytes such as potassium salts 
(sulphate or chloride) for potentiation 
has likewise caused edema and slough. 

As a rule, the majority of injectable 
local anesthetics cause no permanent 
neural or perineural injury. Pizzolato, 
Mannheimer and the svriter have stud- 
ied the effects of procaine, tetracaine, 
lidocaine, chlorprocaine, dibucaine, pi- 
perocaine, and hexylcaine in aqueous 
solutions upon the sciatic nerve and the 
soft tissues of the rat. Hexylcaine, hydro- 
chloride (Cyclaine) and piperocaine 
(Metycaine) cause transient changes in 
the nerve. Similar results have been re- 
ported by others. It may be possible that 
the irritation is due to the high acidity of 
these solutions. 

Hyai-ubonidase 

Hj’aluronidase is a mucolytic enzyme 
which is added to solutions of local an- 
esthetics to facilitate spread of the drug. 
Tlie en 2 )Tne hydrolyzes a mucopolysac- 
charide knowm as hyaluronic acid which 
forms a barrier for the diffusion of fluid 
in the tissues. The enz^mie breaks the 


barrier and facilitates the spread of local 
anesthetic solutions and accelerates the 
onset of anesthesia. The enzyme reduces 
viscosity of tissue fluids. It is found in 
spleen, testicular tissue and bacteria 
(streptococci and pneumococci). Its ac- 
tivity is measured in turbidity units. No 
changes w'ere noted in subcutaneous tis- 
sues of rabbits injected wdth hyaluroni- 
dase. Observations were made over a 
period of months after injection, Kirby 
and his co-workers noted that solutions 
containing hyaluronidase caused redness 
which appeared within five minutes and 
some subjects experienced tenderness 
for 48 hours, but, it gradually receded 
after this time. In general, local reactions 
are few and transient. The anesthetic 
plasma level is greater when the enzyme 
is combined with a drug than when it is 
omitted. 

LONG LASTING LOCAL 
ANESTHETICS 

The majority of histological changes 
in nerve and perineural tissues are ob- 
served following the use of preparations 
alleged to cause anesthesia lasting many 
hours or days. Most drugs or drug com- 
binations used for long lasting anesthesia 
do not act by stabilizing the membrane, 
as does procaine and similar drugs. In- 
stead they act by causing temporary or 
even permanent neurolysis. The block is 
not completely reversible. Histological 
changes are evident for days after the 
onset of the block. Afany of these prep- 
arations designed for long lasting anes- 
thesia are solutions of the free base of 
some local anesthetics, sucli as procaine 
dissolved in oils or glycols. Some prepara- 
rations (Effocaine) are solutions of insolu- 
ble drugs (Bulescin) in glycols and oils. 
When these solutions are injected into 
the tissues svater is abstracted from the 
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cells and passes into the solution and 
precipitates the drug causing a foreign 
body reaction. Cells undergo crcnation 
which is followed by neurolysis. 

The fact that oils could produce nerve 
degeneration was first demonstrated by 
Duncan and Jarvis. They studied the 
effect of certain agents on the facial 
nerve in cats. They mapped the area of 
anesthesia and correlated it with histo- 
logic changes of nerves. Three groups of 
local anesthetics in almond oil were 
studied. All contained benzyl alcohol in 
addition to the local anesthetic. The first 
was composed of l}i% procaine base, 6% 
butyl aminobenzoate and 5S benzyl al- 
cohol. The second solution contained }i% 
Nupercaine, KKJ benzyl alcohol, 10? ethyl 
alcohol and 1% phenol and a third con- 
tained 155 eucupin, 3? benzocaine and 5% 
benz)’l alcohol. The first caused anes- 
thesia lasting from three hours to three 
days. The second mixture caused an- 
esthesia lasting two to twenty-one days 
and the third mixture lasted one hour. 
Oil alone caused no anesthesia. Examina- 
tion of the tissues fourteen or more days 
after injection showed that necrosis of 
the muscle fibres was complete; the 
nerves had undergone Wallerian degen- 
eration. When durations of less than 14 
days were obtained degeneration of the 
nerve was less complete. In some of the 
cases in which anesthesia lasted only one 
hour no .obnormal nerve fibres were 
noted microscopically. They concluded 
that oil soluble anesthetics are anestliet- 
ics only because they cause nerve de- 
generation. Benzyl alcohol used alone in 
a concentration of 5? or more causes well 
defined changes. Almond oil alone did 
not cause a change. Emory and Mathews 
studied the subcutaneous injection of oil 
in muscles. A tissue capsule developed 


around the oil after a few days forming 
an oil cyst which persisted as long as a 
year. Abscesses developed in 5055 of the 
animals injected with almond oil. Ses- 
ame oil produced a thick endurable 
cyrt. Corn, olive and peanut oils were 
less irritating than sesame and sweet 
oil. Almond oil and cotton seed oil were 
tlie most irritating. The oils became en- 
cysted in the tissues. Brown made simi- 
lar observations. Leukocytes collected 
around the vessel walls and accumu- 
lated there. Wandering cells passed into 
the oil droplets. Corn oil produced the 
least intense reaction. Tliis was followed 
by sesame, cotton seed and peanut oils 

SoLX'ENTS Fon Local Anesthetics 
Propj'lene glycol and polyethylene 
glycol are frequently used as solvents for 
local anesthetics. These are viscous, wa- 
ter white, clear fluids miscible with wa- 
ter. Weatherby concluded the tissue 
changes noted when these agents were 
used were due to hypertonicity of the 
solvent rather than the inherent chemi- 
cal properties of the chemicals in the 
oils. Mannheimer, Pizzolato and the 
writer noted extensive necrosis of the 
cellular elements in a muscle, nerves, 
perineural and connective tissues. Brom- 
salizol was the first anesthetic to be dis- 
solved in polyethylene glycol and in- 
jected. Propylene glycol and polyethyl- 
ene glycol are both dehydrating agents 
and are, therefore, capable of causing 
tissue injuries, EfFocaine, a preparation 
containing procaine base 155, butyl ami- 
nobenzoate 5?, procaine hydrochloride 
polyethylene glycol 255, propylene 
glycol 78? and water 20? causes severe 
damage to tissues. Its use has been aban- 
doned because it is irritating and causes 
necrosis of soft tissues. 
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Solutions of procaine base in methyl 
cellulose have been prepared for injec- 
tion to produce prolonged blockade. 
Such preparations likewise are neuro- 
lytic and necrotizing. Higher molecular 
weight carbohydrates of the dextran 
type and synthetic liquid plastics, sudi 
as polyvinyl pyrrolidone have been used 
for solvents for procaine to prolong an- 
esthesia by retarding absorption. They 
likewise cause local tissue reaction. 

Yamamoto demonstrated that drug 
mixtures intended to produce prolonged 
anesthesia containing quinine necrotize 
nerve tissue. The reactions, resembling 
Wallerian degeneration, begin after 
forty-eight hours. At the end of twenty 
days the nerve is completely destroyed. 
Two percent benzocaine and 10^5 ure- 
thane dissolved in water is stable. In- 
tramuscular injection causes necrosis 
and intense cellular infiltration. Anti-his- 
taminics likewise cause irritation when 
injected. Stephen and his co-workers 
noted anesthesia to be satisfactory with 
tripelennamine (Pyribenzamine) but 
caused local injury to three of thirty- 
eight patients. Concentration of 4 to 5% 
caused erythema followed by necrosis 
in the skin wheal. Antistine produces 
severe nerve injury in concentrations as 
low as 1%. Leavitt and Code noted that 
intracutaneously it produced a burning 
pain which lasted several minutes in six 
out of ten individuals. Local edema, red- 
ness and sloughing with ulceration fol- 
lowed in ten days. Mannheimer and his 
associates noted that tripelenamine in- 
traneurally caused severe neurolysis. 

Absolute and 95% alcohol, aqueous 
phenol (6%) also cause a blockade by pro- 
ducing neurolysis. None of these neuro- 
lytic drugs, therefore, may be consid- 
ered as true local anesthetics. 


IDENTIFICATION 

Tlie detection, identification and 
quantitative determination of local an- 
esthetics is not a simple matter, since 
many compounds of diversified structure 
are known. Analysis must be done on an 
individual basis, that is, a specific test 
must be devised for each individual 
drug. There are, however, certain reac- 
tions that apply generally to a prototype 
compound which is characteristic of all 
the members in a group of several com- 
pounds. The para-aminobenzoic acid 
derivatives liave a primary amino group 
on the aromatic chain, for example, 
which permits diazotization and forma- 
tion of colored compounds whose opti- 
cal density may be determined with a 
colorimeter. The method of Marshall 
and Bratten based upon the diazo reac- 
tion employs sodium nitrite and sul- 
phanilic acid to analyze procaine. The 
coupling yields a red dye which can be 
estimated quantitatively by means of a 
photoelectric colorimeter. This test, 
however, does not differentiate between 
the para-aminobenzoic acid which re- 
sults from the breakdown of procaine by 
enzymatic hydrolysis and procaine itself. 
Both substances respond to the test. 
Brodie and his associates have modified 
this lest by adjusting the pH to the alka- 
line side so that the procaine is extracted 
but not the para-aminobenzoic acid. 
Compounds which have a substituent on 
the free amino group do not respond to 
the diazo reaction. For example, tetra- 
caine, which has a butyl group replacing 
a nitrogen atom on Ae amino, cannot 
be diazotized. The test, therefore, can- 
not be employed for the detection of 
tetracaine. Paretho.xy derivatives (Intra- 
caine), meta (Primacaine) and ortho 
(Perldocaine) aminobenzoic acid deriva- 
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tives likewise do not respond to the di- 
azo reaction. Therefore, the test cannot 
be used for analysis of these compounds. 

Recently introduced techniques uti- 
lize fluorometry. Many organic com- 
pounds absorb ultraviolet light. Each ab- 
sorbs light of different wave lengtlis. 
Therefore, specific tests may be devised 
for individual drugs. Tetracaine, for ex- 
ample, absorbs ultraviolet light of a 
wave length of 330 mp. The absorption 
of ultraviolet light is due largely to the 
aminobenzoate portion of the molecule. 
Therefore, both the hydrolyzed ester and 
tetracaine itself respond if the two are 
not separated. However, the butyl para- 
aminobenzoic acid fraction may be ex- 
tracted with benzine at a pH of 3 or less. 
The tetracaine passes into the benzine 
layer since it is soluble in benzine at this 
pH, but the hydrolytic products are not 
and remain in tlie aqueous layer. Above 
pH 8 the situation is reversed, Tetra- 
caine is not absorbed but the hydrolyzed 
products are. Each of these two sub- 
stances may then be quantitatively ana- 
lyzed, Similar techniques using ultravio- 
let light have also been devised for pro- 
caine, lidocaine and other local anes- 
thetic drugs. 

Another test is based upon the general 
reactivity of amines with dyes, such as 
bromthymol blue and methyl orange. 
Colored complexes form which are of a 
different color than the reagent dyes. 
Procaine, tetracaine, cocaine and lido* 
caine form such complexes. These can 
be e.xtracted by organic solvents from an 
aqueous layer and determined colori* 
metrically. Tetracaine, for example, is 
quantitatively analyzed by adjusting the 
solution containing the unknown (pro- 
tein free blood filtrate, etc.) to pH 6, add- 
ing a dilute alkaline bromthymol blue 
solution and extracting the complex 


which forms with a mixture of ethylene 
dichloride (10) and toluene (90). The dye 
forms a yellow complex salt with tetra- 
caine. Tins complex is soluble in tire 
ethylene dichloride-toluene mixture and 
quantitatively extracted by it. The free 
tlq'mol blue is insoluble in the solvent 
mixture and remains in the aqueous 
phase. The optical density of the com- 
plex is determined on a photoelectric 
colorimeter at 410 mji, 

Other non-anesthetic amines normally 
present in blood also form complexes 
with the dye. Therefore, when blood is 
used a blank must be run as a control. 
The intensification of the color above 
that produced by the blood is assumed 
to be due to the local anesthetic. 

Blood samples containing local an- 
esthetics must be analyzed promptly or 
preserved with an enzyme inhibitor such 
as sodium arsenate otherwise the plasma 
esterases hydroyze the drug and the val- 
ues obtained will be low. Methyl orange 
has been used for the determination of 
cocaine and lidocaine by this technique. 
The purity of a compound may be veri- 
fied by determining the melting point 
and comparing it with the melting point 
of a mixture of the unknown and a 
known pure specimen. There should be 
no change in tiie melting poin t il the un- 
knowm specimen is chemically pure. 

PREPARATION OF SOLUTIONS 
Care should be exercised in preparing, 
storing and handling solutions of local 
anesthetic drugs. The salt is more stable 
than the base, as a rule, and is, there- 
fore, used for preparing aqueous solu- 
tions. Crystals should be accurately 
weighed and dissolved in accurately 
measured volumes of solvents. Solutions 
sterilized by boiling should be restored 
to the original volume to compensate for 
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evaporation. Most local anesthetics are 
stable. A few are not. Unstable drugs 
(cocaine) which cannot withstand boil- 
ing or autoclaving should be added to 
water sterilized at its boiling point and 
boiled one minute longer. 

Solutions should be prepared in clean 
glassware using pure distilled water or 
saline as the solvent. The slighest trace 
of alkali in some cases may precipitate 
and cause the decomposition of the drug. 
Stock solutions of highly concentrated 
drugs should be well marked so that 
they are easily identified to prevent acci- 
dents from overdosage. Solutions of cer- 
tain drugs, as for example dyclonine, 
may be bacteriocidal in concentrations 
used for anesthesia. In vitro they kill 
many gram negative and gram posi- 
tive pathogenic organisms. However, 
spores may not be as readily destroyed 
and, therefore, difficulties may arise if 
one relies upon self sterilization for asep- 
sis. 

VASOCONSTRICTORS 
Epinephrine and related aromatic 
amines are frequently added to solutions 
of local anesthetic drugs to produce 
vasoconstriction so that absorption may 
be retarded. This prolongs anesthesia 
and reduces toxicity. Epinephrine is the 
most efficient of these vasoconstrictors. 
The epinephrine is added to the cold 
solution of local anesthetic at the lime of 
use because epinephrine is heat-labile 
and cannot be autoclaved or boiled. 
Epinephrine is compatible with most lo- 
cal anesthetics. However, it is unstable 
and oxidized to quinones if aded to 
stock solutions which are permitted to 
stand any length of time. Discolored 
(brown) solutions of local anesthetics 
should be discarded. Vasoconstrictors 
chemically related to epinephrine, such 
as ephedrine, phenylephrine and cobe- 


frine are more stable but not as effective. 
Ephedrine is stable and can be boiled. 
Cobefrine, norepinephrine and phenyl- 
phrine, however, are also unstable and 
undergo deterioration when added to so- 
lutions of local anesthetic drugs and are 
allowed to stand or are subsequently 
heated. 

STERILIZING AMPULES AND 
SOLUTIONS 

The crystals or the aqueous solutions 
of local anesthetics to be used for in- 
trathecal injection are sterilized and dis- 
pensed in sealed glass ampules. It is cus- 
tomary to sterilize the exterior of the 
ampule prior to the intraspinal injection. 
For many years, the ampules of not only 
the anesthetic drugs but also ampules 
containing the ndj'unctive drugs such as 
ephedrine and dextrose have been steri- 
lized by the cold sterilization technique. 
This consists of immersing them in bac- 
tericidal solutions, such as alcohol, phe- 
nol, mercuric chloride and similar bac- 
teriostatic and antiseptic agents. Methy- 
lene blue, gentian violet and other dyes 
are used to color the solution so that the 
contents of the ampule become colored 
in the event of contamination by steriliz- 
ing solutions through possible micro- 
scopic defects in the glass. There are 
serious objections to cold sterilization. 
Cold sterilization obviously does not 
sterilize the contents of the ampule so 
that inadvertent contamination during 
manufacture is not overcome. Besides 
the agents may not be spore Idllers and 
the exterior will not be aseptic. Cold 
sterilization, therefore, is being dis- 
carded and autoclaving is being adopted. 
Heat sterilization obviously eliminates 
the possibility of contamination of the 
contents of the ampule with the steriliz- 
ing agent. This technique, however, in- 
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troduces the possibility of deterioration 
of the drug. The time necessary to steri- 
lize ampules has not been standardized 
and the amount of deterioration whidi 
single and consecutive sterilizations may 
cause is not known. In some institutions 
it is customary to sterilize the ampules 
together with syringes and needles which 
are to be used for the spinal anesthetic. 
There is little objection to this practice 
if the set of instruments is aulodaved 
only once. A decrease in potency is likely 
should any of the agents be re-aulo- 
claved. Ampules of dibucaine, tetracaine 
and epinephrine (1:1000) showed no 
change in potency after autoclaving 
5 to 15 times at 120®C. for GO minutes. 
However, epinephrine autoclaved 15 
times showed reduction in potency of at 
least 25'?. Lidocaine apparently is stable 
and stands autoclaving. Dibucaine and 
tetracaine have been shown to have a 
dimunition in potency when autoclaved 
at higher temperature. Procaine auto- 
claved at 250®F. for 15 minutes and then 
re-autoclaved for 15 minutes showed 
some deterioration but more than 85S of 
the original procaine content remained 
unchanged. 

Recently the tecimique of dry sterili- 
zation using ethylene oxide mixed with 
carbon dioxide mixtures (10^ ethylene 
oxide and 901? CO-) have been used for 
sterilization. The carbon dioxide reduces 
explosive hazards. These gases are intro- 
duced into a vacuum in which the am- 
pule with the drug has been placed un- 
til a pressure of 33 lbs. per. sq. in. is 
reached. At room temperature this pro- 
cedure requires about 16 hours for steri- 
lization but by increasing the tempera- 
ture to 100-140°F. and the pressure to 
100 lbs. the time has been shortened. 

POTENTIATION 

The duration of action and activity of 


local anesthetics may be enhanced by 
the addition of non-anesthetic sub- 
stances. Such an enhancement is re- 
ferred to as potentiation. The type of 
agents capable of causing the changes 
are described below. 

OncANTC Bases 

Various organic substances enhance 
the effect of local anesthetics. Quinine 
derivatives, caffeine and theobromine 
hasten the onset and potentiate the ac- 
tivity of cocaine, procaine and similar 
drugs. Tlie mode of action is not known. 
Possibly these substances alter permea- 
bility of the cell membrane and facilitate 
entrance of the drug into the cells. These 
substances are locally irritating and of 
little valvie for extending anesthesia clin- 
ically. 

OncANic Aems 

Organic acids, such as phthalie, hip- 
puric and phenylbulyric potentiate the 
action of procaine. The observations 
luve been made in the laboratory and 
are not clinically applicable. 

Narcotic and Akai-gesic Drugs 

Antipyrine added to solutions of co- 
caine and other local anesthetics poten- 
tiate their action. The addition of 3% ace- 
tylsalicylic acid (aspirin) also potentiates 
the action of procaine. Local irritating 
effects caused by tliese drugs offset the 
advantages obtained by this potentia- 
tion. 

Proteins 

The addition of proteins such as egg 
albumin, gliadin (protein from com), in- 
crease the intensity and duration of ac- 
tion of local anesthetics. Gliadin has 
been added to procaine (Pitkin) to in- 
crease the specific gravity of solutions as 
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well as to potentiate its action. Some 
drugs cause precipitation of the added 
protein; therefore, they cannot be used. 
Tetracaine, lidocaine and butyn have 
been found to be incompatible with 
proteins. Blood plasma has been recom- 
mended as a solvent for procaine for spi- 
nal anesthesia to potentiate the activity 
and prolong its action. The advantage 
gained is not worth the effort. 

Cations 

A number of investigators, foremost of 
whom is Kochman, observed that ions of 
alkaline and alkaline earth metals, par- 
ticularly those of potassium or magne- 
sium block conduction and alter physio- 
logic functions when applied to nerve 
fibres. Attempts to utilize these experi- 
mental observations clinically to poten- 
tiate local anesthetic action have been 
unsuccessful. Presumably they act by 
depolarization of the membrane. Potas- 
sium sulphate (1.8%) combined with 2% 
procaine hydrochloride has been studied 
by Tainter and his associates with dis- 
appointing results. No remarkable en- 
hancement of anesthetic action was ob- 
served after infiltration. Signs of local tis- 
sue irritation such as itching, pain and 
redness were noted. 

Mixtures of Anesthetic Drugs 

Combinations of two drugs, one of 
which has a rapid onset of action but a 
comparatively short action (procaine) 
combined with another whose onset of 
action is slower but whose action is pro- 
longed (tetracaine) are employed by 
many clinicians. The purpose, of course, 
is to obtain immediate anesthesia wth 
procaine which has a sliort latent period 
as well as prolonged anesthesia. Presum- 
ably each drug acts independently of 
the other. The effects appear to be addi- 
tive. 


Antagonism 

Depressant drugs, such as barbitu- 
ates, chloral, paraldehyde, avertin and 
morphine act as antagonists to the sys- 
temic responses of local anesthetic drugs 
and decrease the lethal dose. The action 
is pharmacological and not biochemical. 

Drugs which can be applied perineu- 
rally to reverse the action of a local an- 
esthetic drug are unknown. Once the 
block has been instituted it appears to 
persist until the drug is removed from 
the perineural area. 

INDIVIDUAL ANESTHETICS 
Cocaine 

Cocaine was the first drug to be used 
for local anesthesia. Gaedicke (1855) first 
isolated the drug from Brazilian coca. 
Niemann, a pupil of Wohler (1860) first 
purified the alkaloid. KoIIer and P>eud 
noted its anestlietic properties and dis- 
covered its usefulness as a surgical an- 
esthetic (1880). Hall (1884) and Halstead 
(1885) ^vere the first to use it in America 
for infiltration anesthesia. Although the 
drug has been displaced by less toxic, 
more satisfactory non-habitforming com- 
pounds, it is stiil employed for fopfcal 
anesthesia. 

Sources 

Cocaine occurs together with several 
other related alkaloids in the leaves of 
the coca shrub. This plant, a member of 
the species ert/f/iroxj/fon coca, is exten- 
sively cultivated in South America (Peru 
and Bolivia) and to a lesser extent in 
Mc-xico and the West Indies. It is in no 
w'ay related to Ujc cocoa plant which be- 
longs to an entirely different species. The 
trees, which are propagated from seeds, 
grow to a height of seven or eight feet. 
Within eighteen months they begin to 
produce the alkaloids and continue to do 
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so for almost forty years. The leaves 
vvhicli contain the drug, arc harvested in 
March, June and November and dried 
on woolen cloths. They are then ex- 
tracted with water and the aqueous solu- 
tion is treated with lead salts to precip- 
itate tannic and other natural occurring 
acids. The e.rcess lead is then precipi- 
tated by means of h)’drogen sulphide. 
The drug is then precipitated by alka- 
linization and extracted with organic sol- 
vents. A yield of 1% of the weight of the 
leaves is considered good. 

Chemical Properties 
Cocaine is methyl eegonine benzoate. 
Tile drug is available either as the free 
base or as the salt. The free base (U.S.P,) 
is a white, cry'stalline compound, bitter, 
slightly soluble in water (1 in 600 cc. at 
25®C.), but very soluble in oil, alcohol, 
and other organic solvents. It melts at 
96® to 98®C. Aqueous solutions of the 
base are alkaline to litmus and other in- 
dicators. Acids, such as hydrochloric, 
and sulphuric combine with it to form 
the common salts. The aqueous solution 
of the free base is readily hydrolyzed by 
heating or by being allowed to stand in 
air. Molds also decompose the drug, "nic 
hydrochloride (U.S.P.) is a colorless pow- 
der composed of transparent crystals 
which melt at 183°C. These salts are 
water soluble but insoluble in fats and 
fat solvents. Cocaine does not possess a 
primary amino group and, therefore, 
does not undergo the diazo reaction, as 
does procaine. It forms a complex dye 
with methyl orange which is soluble in 
chloroform. Tlie formation of this com- 
plex is quantitative. It is extractable 
from an equeous base at pH 7.2. Tire re- 
action, therefore, is used for the quanti- 
tative analysis of cocaine. Cocaine is le- 
vorotatory. 


Detoxification 

In man the drug is slowly detoxified 
by the liver by hydrolysis to eegonine 
and benzoic acid, both of which may be 
recovered from the urine. Detoxification 
varies with the species. In cadavers, co- 
caine is quickly decomposed so that its 
presence may be detected only in fresh 
specimens. Both cocaine base and co- 
caine hydrochloride are included in the 
U.S.P. 

DflJucAiNE (Nutercaine) 

Dibucaine (Nupercaine, Percaine) in- 
troduced in 1929 (by McElwain) is the 
roost popular and useful of a number of 
quinoline derivatives. Its chemical name 
is butyloxycinchoninic acid diethyl, ethy- 
lene diamide. Thus, it is not an ester but 
an amide. It is a long lasting compound, 
due in part to its slow destruction. 

Properties 

Dibucaine is a base which fonns salts 
with mineral acids. The hydrochloride 
is the salt used most frequently. It is a 
white, tasteless, odorless powder which 
melts at 90® to 98®C. (the melting point 
is not sharp), and is very soluble in water 
(1 in 0.5 parts) and in organic solvents, 
such as benzine, acetone, and chloro- 
form. It is insoluble in etl\er and oils. 
Tlie free base is less soluble in water 
tlian salts but soluble in oils, fats, and 
ointment bases. Aqueous solutions of the 
hydrochloride have a pH of 6.2 to 6.5. 
The free base is readily precipitated by 
alkalies and alkaline substances, such as 
carbonates and bicarbonates. Solutions 
must be prepared in distilled w’ater and 
stored in alkaline free glass, otherwise 
the drug precipitates out due to the ac- 
tion of the alkali. A solution, known as 
Howard Jones solution, consisting of 1 
rogm, of nupercaine dissolved in 1.5 cc. 
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of 0.5% saline was once employed for 
spinal anesthesia. The solution is hypo- 
baric (lighter than spinal fluid), having a 
specific gravity of 1.0025 at 25°C. 

Toxicity 

Dibucaine has a greater absolute tox- 
icity than cocaine or procaine. The rela- 
tive toxicity is less than that of procaine, 
liowever, since a smaller quantity is re- 
quired for anesthesia. The drug is slowly 
detoxified in the body and slowly elimi- 
nated. Anesthesia with dibucaine is long 
lasting, 2 to 3 hours alone— with 
epinephrine. 

Dibucaine forms a crystalline product 
with potassium perchlorate {Q%) which 
melts at 132®C. The drug may be identi- 
fied by this reaction. Dibucaine forms 
precipitates with the usual alkaloidal re- 
agents. Inasmuch as it does not possess 
an aromatic primary amino group, it 
does not respond to the diazo reaction as 
do procaine and other amino benzoates. 
Dibucaine reacts with methyl orange 
and other dyes to form complex colored 
compounds. The reaction is quantitative. 
The complex may be extracted with 
chloroform at pH 7.2. An ointment con- 
taining the free base (1%) and an oint- 
ment base is known as “Nupercainal.” 
Salts of dibucaine may be heated and 
are compatible with epinephrine hydro- 
chloride. 

PiPEROCAINE (MeTYCAINE) 

Attempts to synthesize drugs similar 
in structure to but less toxic than cocaine 
lead to the study of a series of drugs de- 
rived from piperidine. Although a num- 
ber of derivatives of this type have been 
prepared, piperocaine (Metycaine) was 
found most adaptable. Metycaine (also 
kno^vn as Neothesin) was first inbx>- 
duced by McEhvain (1929). Piperocaine 


is methylpiperidinopropanyl benzoate 
(Table 1.21). 

Properties 

Piperocaine occurs as the free base or 
in the form of salts of mineral acids. The 
hydrochloride, which is tlie most com- 
monly used salt, is a white, crystalline 
substance with a slightly bitter taste 
{M.P. 111“ to IIS^C,). The salt is quite 
soluble in water (1 in 1 at 20®C.) and 
reasonably so in chloroform and alcohol. 
However, it is insoluble in ether. Aque- 
ous solutions of the salt are faintly acid. 
Hie free base, which is a white crystal- 
line product, is precipitated by alkalies. 
The free base is highly soluble in oils 
and fat solvents. 

Although the molecule possesses an 
asymmetric carbon atom, the drug as 
marketed, possess no optical activity be- 
cause it exists in a racemic form. Solu- 
tions are self-sierilizing. However, (hey 
may decompose if allowed to stand but 
this may be prevented by preservation 
with chlorbulanol. Piperocaine is com- 
patible with epinephrine. Thiourea may 
be added to prevent decomposition of 
piperocaine-epinephrine mixtures. 

Piperocaine does not possess a free 
primary amino group and does not re- 
spond to the diazo reaction, as does pro- 
caine. Piperocaine is easily hydrolyzed 
into its alcohol and benzoic acid by boil- 
ing with alkalies. Piperocaine is listed in 
the U.S.P. 

Procaine 

Procaine was first synthesized by Ein- 
hom (1905). He prepared a series of 
esters from para-aminobenzoic acid and 
found that this one offered the greatest 
promise of clinical usefulness. Procaine 
is also known as Ethocaine, Novocaine, 
Neocaine, Planocaine. Procaine had nu- 
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meroiis other names which fell into dis- 
use. In the early years of regional anes- 
thesia procaine slowly replaced cocaine 
for regional and infiltration anesthesia. 
It is now the standard of comparison of 
local anesthetic drugs, However, it loo is 
slowly being supplanted by more effi- 
cient and more potent and toxic drugs. 

Properties 

Procaine is a base which forms salts 
with various mineral and organic acids. 
The base is a white, odorless, crystal- 
line compound which melts at 59** to 
6I°C. The base is slightly soluble in 
water, but soluble in alcohol and chloro- 
form and oils. A solution in peanut and 
otlier vegetable oils is used for attempt- 
ing prolonged block. The hydrochloride 
is very soluble in water (1 gm. in 0.6 cc.), 
less so in alcohol (1 to 30^) and cliloro- 
form. It is insoluble in oils and ether. 
The hydrochloride melts at 153® to 
1S6®C. Aqueous solutions of procaine 
hydrochloride may be boiled at 100®C. 
or sterilized by autoclaving dry in am- 
pules at 120®C. Sealed ampules of crys- 
tals may be autoclaved several times. If 
exposed to air for any length of time, 
solutions of procaine and its salts are de- 
composed by bacteria. Ampules contain- 
ing the powder may be autoclaved sev- 
eral times without decomposition. Aque- 
ous solutions of the hydrochloride (pH 6) 
and nitrate are acid in reaction. The 
borate forms solutions which are alkaline 
(pH 8.1). The alkalinity of the borate is 
due to the fact that boric acid is poorly 
ionized and, therefore, a weak acid. 
Hydroxyl ions predominate when the salt 
undergoes hydrolysis in solution. 

Detoxification 

A solution of procaine incubated with 


fresh minced liver is hydrolyzed into 
para-aminobenzoic acid and dielhylam- 
inoetlianol. In vivo, the same reaction 
occurs. Dunlop first showed that al- 
though liver is the most important tissue 
involved in detoxification, other tissues 
may also take some part. Possibly 95,? is 
detoidfied by the liver. The resulting 
aminobenzoic acid is acetylated, conju- 
gated with glycine or eliminated un- 
changed during the detoxification. Hy- 
drolysis is aided by the pseudo cholin- 
esterases. These enzymes have also been 
referred to as procaine esterase. Hydrol- 
ysis in vivo occurs rapidly. The fatal 
dose in a cat is hydrolyzed completely 
if infused over a period of twenty min- 
utes. 

Identification 

The procaine molecule possesses bolh 
a primary and a tertiary amino group. 
Therefore, procaine responds to tests 
which identify amino groups. Procaine 
responds to the diazo reaction since it is 
a primary aromatic amine. Nitrous acid 
(produced by reaction of sodium nitrite 
with hydrochloric acid), procaine and 
betanaphthol if mixed together react to 
form a red dye. This color is not specific 
for procaine. However, it may be used 
to differentiate procaine from other local 
anesthetics which are not primary aro- 
matic amines. The diazo reaction has 
also been used by Bratten and Marshall 
for tile quantitative estimation of pro- 
caine. This has been described previous- 
ly under the section on analysis. Both 
procaine and its metabolic byproduct 
are coupled to form dyes in the diazo 
reaction. 

A deep yellow color results when pro- 
caine reacts with an alcoholic solution 
of vanillin and sulphuric acid and alco- 
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hoi. A white precipitate forms when this 
reaction mixture is added to a solution of 
potassium and mercuric chloride. This 
precipitate re-dissolves in aqueous sodi- 
um phosphate to form a deep yellow 
solution. The entire reaction of color 
and precipitate formation is quantitative. 
The resultant colored solution may be 
matched in a colorimeter with potassium 
chromate solution of the standard for the 
quantitative estimation of procaine. Para- 
aminobenzoic acid does not produce this 
test. This test is specific for procaine and 
detects very minute amounts of the drugs 
in tissues and body fluids. 

Picric acid, perchloric acid, iodine, po- 
tassium mercuric, iodide and other aUca- 
loidal reagents form precipitates when 
added to solutions of procaine. Solutions 
of procaine are hydrolyzed and oxidized 
by chromic acid and potassium perman- 
ganate. 

Tetracaine (Pontocaine) 

Properties 

Tetracaine (Pontocaine) is derived 
from para-aminobenzoic acid. It is also 
known as pantocaine, and amethocaine. 
Tetracaine forms salts with various acids 
as do other local anesthetics. The hydro- 
chloride, which has a bitter taste, is white 
powder which melts at MT-ISO®. The 
drug is stable in air. Aqueous solutions 
of the salt are almost neutral. The free 
base separates from aqueous solutions 
upon the addition of alkalies. The base 
is an oily substance (melting point 41- 
42“C.) but re-dissolves in acids. Since 
one hydrogen of the paramino group on 
the benzoic acid portion of the mole- 
cule is replaced by a butyl group, tetra- 
caine differs from procaine and other 
amino benzoates and does not respond 
to the diazo reaction. 


Stability 

Tetracaine gradually breaks down at 
room temperature over a period of time 
with the formation of crystals of n-butyl 
para-aminobenzoic acid. This compound 
is nontoxic but also is non-anesthetic. 
The crystals separate out as a solution 
stands. They are visible to the naked 
eye. 

Tetracaine is \videly used for intrathe- 
cal injection. It is dispensed in aqueous 
solutions or in the form of hydrochloride 
crystals in sealed ampules. Tetracaine is 
hydrolyzed in the body to n-butyl para- 
aminobenzoic acid. The hydrolysis oc- 
curs more slowly than it does with pro- 
caine. The bulk of the detoxification is 
carried out in the liver. 

Tetracaine is one of the most widely 
used local anesthetic drugs for spinal 
anesthesia. The drug is approximately 
ten times as potent as procaine and 
causes a block which lasts twice as 
long. 

Tetracaine may be estimated quanti- 
tatively by Sorming a complex color with 
bromcresol purple. Tlie reaction has 
been described imder the section on 
Identification of Drugs (this chapter). 

Tetracaine is precipitated at a lower 
pH than procaine, but at a pH above 
that of the body fluids. 

Tetracaine withstands boiling, auto- 
claving and mixing wth aromatic amines 
used for vasoconstriction. 

Lidocaine (Xylocaine) 

History 

Lidocaine is a highly specific local 
anesthetic which has found wide appli- 
cation both as an injectable and surface 
anesthetic. The drug was first synthe- 
sized in 1943 by Lofgren. It was studied 
under the investigative name of LL-SO. 
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StahiUtij 

Lidocaine is highly stable in vitro. It 
will endure eight hours boiling with S(W 
hydrochloric acid or lengtliy heating 
with alcoholic potassium hydroxide. 
However, it appears to be attacked much 
more rapidly in the body. Up to 3-llX 
of the usual doses used for regional block 
in man were recovered in the urine with- 
in four hours. The liver appears to be the 
principal site of biotransformation. The 
drug is found in both the free and conju- 
gated forms. McMahon and Woods be- 
lieve tliat the aromatic ring in lidocaine 
is oxidized to a phenolic compound and 
then conjugated with a sulphate radical. 
Preliminary evidence indicates that the 
aromatic ring of lidocaine is hydroxyl- 
ated in the 4 position. 

Salt 

The salt is not isolated from the solu- 
tion. It is prepared in solutions by reac- 
tion of hydrochloric acid with lidocaine. 
The salt is compatible with epinephrine. 
Lidocaine is about twice as potent as pro- 
caine hydrochloride and twice as toxic. 

Identification 

Methyl orange forms a complex col- 
ored compound with lidocaine as does 
‘wAx'JiX.'SiWfc. *6 vfki'is.K-i'i. b/'j V 

ene dichloride and estimated coloriroet- 
rically. The method was applied by 
Truant and his co-workers for the deter- 
mination of lidocaine and biological ma- 
terials. 

Lidocaine is well absorbed when in- 
jected intramuscularly in the rat. The 
addition of epinephrine greatly retards 
its absorption and prolongs its action. 
One hour after lidocaine was given intra- 
muscularly, the highest concentration 
was in tlie kidneys, lungs, spleen, fat. 


heart and brain at appreciable levels. 
Low levels were present in the liver and 
blood, 

Lidocaine disappears rapidly from tlie 
blood when given intravenously. A small 
fraction of the administered drug is re- 
covered from the excreta. The differ- 
ences between reactions of lidocaine and 
procaine can be explained in part by the 
differences of their physiological disposi- 
tion. Procaine is metabolized more rap- 
idly than lidocaine, since the percent of 
the dosage recovered for procaine at each 
time interx’al is much less than that for 
lidocaine. Lidocaine has a Jugher affinity 
for fat tissue than procaine. The fat level 
is several times that of the blood level. 

CimoRTRocAiNe (Nesacaine) 

CWoiprocaine has the same chemical 
structure as procaine except that a chlo- 
rine atom replaces hydrogen in position 
2. Clilorprocaine is a white, crystalline 
xvater soluble powder, with a molecular 
weight of 370.2, its melting point is 173- 
Chlorprocaine is twice as potent 
as procaine for infiltration anestliesia.On- 
set of action is somewhat more rapid. Hy- 
drolysis occurs more rapidly than with 
procaine. It is believed to be about half 
as toxic as procaine intravenously. Chlor- 
is *v.W c.W 

lineslerases present in the blood, liver 
and other organs. The low relative and 
absolute toxicity is believed to be due to 
the rapid hydrolysis. It is destroyed in 
human plasma four to five times more 
rapidly than procaine and more rapidly 
than many other local anesthetics. 

Hetylcaine (Cyclaine) 

Hei^lcaine is a benzoate and is, there- 
fore, allied to piperocaine and cocaine. 
Hexylcaine is 1 cyclo hexamino, 2 pro- 
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pyl benzoate. Its synthesis has been ac- 
complished by Cope and Hancock. The 
hydrochloride is soluble in water to an 
extent about 12^?. A one percent solution 
is stable to boiling, autoclaving and 
sterilization. The hydrochloride is a 
white bitter powder wth a slight aro- 
matic odor. It is freely soluble in alcohol 
and water. A 5% solution in water is 
slightly acid having a pH range of 4.1- 
4.7. Its potency is similar to procaine. 
Duration of action is longer and toxicity 
less. 

Dyclonine (Dvclone) 

Dyclonine is also kno^vn as Dyclone 
and Falicaine. The compound is a bu- 
toxy piperidine propiophenone. There- 
fore, it is both an amine and a ketone. 


Dyclone is a white powder, soluble in 
water which forms a hydrochloride salt. 
Its potency topically applied is similar 
to cocaine. It is satisfactory if used top- 
ically only. It is too irritating for injec- 
tion. The drug is not a convulsant. It 
has neither an amide or ester type link- 
age, but resembles the alcohol type com- 
pound in structure and behavior. The 
topical action requires 5-10 minutes to 
become established. It is hastened by 
alkalization of the solution, but tliis is 
not advised because the basic form of 
the drug is unstable. It is not altered or 
broken down in the body. The (hydro- 
chloride) salt must be stabih’zed with 
chlorbulanol. Concentrations greater 
than 1% topically have caused necrosis. 
It is bacteriostatic and self-sterilizing. 
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SYNAPTIC TRANSMISSION BY 
CHEMICAL MEDIATORS 


CHEMISTRY OF PARASYMPATHETIC 
ACTION 


T he autonomic NEnvous system is 
o£ interest from a biochemical 
standpoint because synaptic transmis- 
sion of impulses is accomplished by 
means of cliemical mediators. This proc- 
ess is often referred to as the humoral 
mechanism for transmission of impulses. 
The impulses pass along the axones to 
the synapses of both parasympathetic 
and sympathetic nerve fibers, from 
which the mediators are liberated. 
These, in turn, unite with receptors in 
smooth muscle of tlie viscera or in exo- 
crine glands which they innervate. Aug- 
mentation and inhibition of activity are 
thus explainable on a chemical basis. 

Manifestations of stimulation or de- 
pression of the autonomic nervous sys- 
tem are common during anesthesia. 
Counteraction of these effects by antag- 
onists is often necessary to overcome 
ensuing technical difficulties of anes- 
thesia or undesirable side effects. Sup- 
pression of mucous and salivary secre- 
tions, blocking the cardiac vagus with 
anticholineigic drugs, lowering of blood 
pressure by ganglionic blockade, eleva- 
tion of blood pressure by the use of 
sympathomimetic drugs are some com- 
mon examples. Consequently, drugs act- 
ing on the autonomic nervous system 
are important in anesthesia. 


Loewi first demonstrated that vagal 
stimulation caused liberation of a 
choline-like substance at the postgangli- 
onic nerve endings in the isolated frog’s 
heart. Tliis substance caused a parasym- 
pathetic stimulation when perfused 
through other similarly innervated or- 
gans. Dale proved that the substance 
was acctijl choline. The response of 
acetyl choline was similar to that of an- 
other base, muscarine, discovered many 
years before. Tlie significance of this is 
discussed later. 


Cholines and Acetyl Choline 
Choline is a quaternary base. Struc- 
turally it is trimethyl, beta-hydroxyelhyl, 
ammonium hydroxide. 


-i— N— CH, 

li OK'd!. 


Choline 

One may also consider it as ammonium 
hydroxide with three of its four hydro- 
gen atoms replaced by methyl groups 
and the remaining ones by a hydroxyl and 
a hydro:^ ethyl group. The substance, 
therefore, may be considered to be both 
a base and an alcohol. Choline is an 
important constituent of biological ma- 
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terials of both plant and animal origin. 
It is abundant in bile and brain tissue. 
Interaction with acids causes esterifica- 
tion of the hydrox)'! group on tlie beta 
carbon. The interaction of choline with 
acetic acid results in acetyl choline: 

H II CH, 

I i / 

IT— C— C~N— CH, 

I ! I\ 

CHa—C— C H OHCH, 

Acet 3 ’l Choline 

Interaction with other acids or acid an- 
hydrides results in a wide variety of 
esters, none of which is found in animal 
tissues. Many of these are physiologi- 
cally active. Acetyl choline is the only 
choline ester found in animal tissues. 

Exogenously, acetyl choline may be 
formed by reacting acetic anhydride 
with choline. Endogenously, it is syn- 
thesized in nervous tissue from acetic 
acid and choline aided by the enzyme 
choline acetylase, 

Choline and choline esters, including 
acetyl choline, are bases and form salts 
with organic and mineral acids. The re- 
action may be likened to the formation 
of an ammonium salt from ammonium 
hydroxide and an acid: 

NR»OH + HCI -» KR,CI + H,0 

Acetyl choline chloride is the salt usual- 
ly prepared for pharmaceutical use. The 
salts of choline are water soluble, hydro- 
scopic and decompose easily. Solutions 
of the salt ionize into a quaternary am- 
monium cation and an anion; 

NR*CI-^KR4+-i-Cr 

Acetyl choline and choline both cause 
parasympathetic stimulation. Acetyl cho- 
line is anywhere from 50 to 10,000 limes 


more active physiologically than choline 
depending upon the locus upon which it 
acts. The quantities necessary for physio- 
logical activity are minute-one part in 
several million. The quantity is so infini- 
tesimal that it is indicated in gammas 
(1/1000 milligram). 

ClIOLINllSTERASES 

Acetyl choline is rapidly hydrolyzed 
by naturally-occurring enzymes called 
cholinesterases. These enzymes quickly 
hydrolyze the ester to acetic acid to the 
less active choline. The exact number of 
cholinesterases present in the human 
body is not definitely kno^vn. Two basic 
types are recognized— tn/e cholinesterase 
and pseudo cholinesterase. The two 
types may be distinguished by determin- 
ing their specificity of action on various 
substrates. True cholinesterase hydro- 
lyzes beta methylacetylcholine but not 
benzoylcholine. Pseudo cholinesterase 
hydrolyzes benzoylcholine but not beta 
methylacetylcholine. True cholinester- 
ase has limited distributed. It is found 
at the endplate of skeletal muscle, in 
nervous tissue and in the erythrocytes. 
Pseudo cholinesterase is more widely 
distributed in the body being found in 
abundance in the plasma and other 
body fluids and non-nervous tissues. True 
cholinesterase is active at a low con- 
centration of its substrate (acetyl cho- 
line) while the pseudo cholinesterases 
are active at high concentrations of their 
substrates. More than one type of each 
of the basic types have been identified 
(see Chap. 23). Pseudo cholinesterases 
hydrolyze procaine and other local anes- 
thetics and succinyl choline and its sev- 
eral modifications. 

Mode of Action of Esterases 
Tnvx» sites of attachment of substrates 
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have been identified on the cholinester- 
ase molecules. These are referred to 
as the anionic and the csteractic sites re- 
spectively. Attacliment of substrates is 
at one or the other site or at both simul- 
taneously. In the tissues the acetyl cho- 
line dissociates into a quaternary am- 
monium cation and an anion. The cation 
has an ionic head and a carbonyl head 
(portion carrying acetyl group). The 
ionic liead becomes attached at the 
anionic site of the enzyme. The carbonyl 
group of acetyl choline becomes attach^ 
to the esteraclic site, to form a labile, 
intermediate complex. Tliis complex 
reacts with water to form acetic acid 
and choline after which the esteractic 
site is restored to its natural state. Sub- 
strates must become attached at the 
esteraclic site before they can undergo 
hydrolysis. They need not become at- 
tached at the ionic site. Acetyl choline, 
however, requires attachment to both. 
Other quaternary ammonium ions are 
capable of combining at the anionic site 
to form compounds of varying stability. 
Some are bound more strongly than 
acetyl choline and prevent union with 
acetyl choline by prior attachment. Such 
substances, therefore, compete with 
acetyl choline for the enzyme and pre- 
vent the attachment of acetyl choline. 
Thus, the physiological effects of acetyl 
choline are sustained or accentuated due 
to failure of this mediator to be hydro- 
lyzed. The enzyme may also be inliibited 
by compounds having a carbonyl head 
similar to that of acetyl choline. Such 
compounds attach at the esteractic site 
to form a more stable union than acetyl 
choline forms. The ester-grouping with 
these compounds is not activated as 
readily by water as is the case with 
acetyl choline. 


Types of Anticholinesterases 

Drugs which inhibit the activity of cho- 
linesterases are known as aniicholines- 
tcrases. Chemically three types of com- 
pounds appear to exert anticholinesterase 
activity both in vitro and in vivo: (1) the 
acetyl or aryl carbamates of which neo- 
stigmine is the prototype, (2) alkyl or 
aryl phosphates or aUcyl fluorophos- 
phates and (3) quaternary ammonium 
ions. Neostigmine has both a carbamino 
group and a quaternary cationic head 
and, therefore, reacts at the anionic and 
esteractic sites. This type of binding is 
stronger than that of acetyl choline but 
is reversible. The enzyme therefore is 
inactivated temporarily. Esetine (physo- 
stigmine) is a tertiary amine having a 
methyl carbamino group which com- 
bines reversibly at the esteractic site 
and thereby also acts competitively \vitli 
acetyl choline for the enzyme (Table 
1.22). The alk-yl phosphates such as di- 
isopropylfluorophospliate and hexaethyl- 
Buorophosphate release phosphonium 
ion which combines at the esteractic site 
forming irreversible covalent bonds. The 
center is permanently inactivated by the 
di-alkyl phosphate radical. 

Acetyl choline is re-synthesized by the 
aid of the enzyme, acetylcholase, which is 
present in the proteins of the terminal 
membranes of the nerve endings. Hy- 
drolysis of acetyl choline occurs rapidly 
—within 02-0.3 of a millisecond. 

FinrsioEocic Behavior op 
Cholinesterase 

Acetyl choline is liberated at numer- 
ous sites in the body. The most prominent 
sites are: (a) at the postganglionic end- 
ings of parasympathetic fibers (b) at 
endings of all preganglionic fibers as they 
synapse with postganglionic fibers, (c) at 
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Table 1.22 

(CHj) CH J.OH 

CHOLINE 

{CHjlj-N.CHjCHj.O.C-CHj 

ACETYLCHOLINE 

{CKjlj-N-CHj-CH-O-C-CHj 

CH O 

ACETYL-BETA-METHYL CHOLINE (METHACHOUHQ 
(CHjIj-N-CH^-CH^-O-C-NH^ 

CARbAMYLCHOUNE (CARBACKOU 


(CHjlj-N-CH^-CH-O-C-NHj 


CARBAMYL-BETA'METHYLCHOLINE (BETKNOCHOL) 


EDROPHONIUM (TENSILON) 


'tX" 


'•nr 

PILOCARPINE 


duced by nicotine on these two struc- 
tures. The action at these sites is often 
referred to as nicotinic because of this 
similarity of response. Nicotine acts in 
a biphasic manner. In small doses it 
causes stimulation; in large doses it de- 
presses or paralyzes. Therefore, it pro- 
duces a blocking effect at the ganglia 
and a curaremimetic effect at the motor 
endplate. At the postganglionic cholin- 
ergic fibers the behavior of acetyl cho- 
line differs from that at the ganglia and 
motor endplate. Instead it is similar to 
the response caused by the base musca- 
rine. The action at this site, therefore, is 
often called muscarinic. Acetyl choline 
may thus be said to exert three distinct 
pharmacological effects— a muscarinic, a 
nicotinic and a curareform. These terms 
are poor ones but unfortunately are in 
general use in describing the action of 
autonomic drugs. A drug may manifest 
one, two or all three of the responses de- 
pending upon dose, pH and other fac- 
tors. 

Inhibition of Acetyl Choline Action 


NEOSTIGMINE 
O 

jjCHjjj-c-cfjsp-r 
H 

DI-ISOPROPYL FLUROPHOSPKATE (D F.PJ 

TETRAETHY PYROPHOSPHATE (TEPP) 

certain postganglionic sympathetic fi- 
bers (sweat glands), (d) at the myoneural 
junction of skeletal muscle, (e) in the 
motor cortex and (f) at synapses in the 
areas of the brain controlling autonomic 
activity(trophotropic centers) (Chap. 27). 
Tlie response to acetyl choline at the 
autonomic ganglia and at the skeletal 
muscle endplate is similar to that pro- 


Certain chemical substances may com- 
bine preferentially with the cholinergic 
receptors at the postganglionic fibers 
and thereby compete with liberated 
acetyl choline at these sites and prevent 
acetyl choline from acting. Such sub- 
stances are referred to as parasympatho- 
lytic or anticholinergic. Atropine, hyos- 
cyamine and scopolamine are sub- 
stances which inhibit the action of acetyl 
choline upon the postganglionic cho- 
linergic receptors. They, therefore, sup- 
press parasympathetic activity. They 
neither inhibit the liberation of the 
ace^l choline nor do they decrease the 
activity of cholinesterases. These drugs 
are described further on. 
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Pharmacologic Effects of Variations 
O f Structure of Acetyl Choline 
The molecule of acetyl choline may 
be considered as having three parts, 
(1) the quaternary ammonium group is at 
one end, (2) an acetyl group at the other 
and (3) the ethanol chain intervening 
between the two. The portion of the 
molecule bearing the quaternary am* 
monium group, as has been mentioned 
previously, is referred to as the cationic 
head. Tlie cationic head and the acetyl 
group form bonds with the receptor 
sites in the effector cells. The configura- 
tion of the acetyl choline molecule may 
be altered by lenthening tlie chain, 
ethylation and so on. Such changes in 
structure cause considerable alterations 
in physiological activity. The evidence 
at hand indicates that simultaneous 
bonding of both heads of the choline- 
like substance is necessary at the re- 
ceptor for activity and that the receptors 
to which the molecule becomes attached 
possess a specific type of molecular 
configuration. Thus, other quaternary 
bases may produce responses which are 
qualitatively similar to acetyl choline. 
The closer the structure is to acetyl cho- 
line the more nearly the action simu- 
lates that of acetyl choline. Variations 
in structure may be considered as being 
(a) at the cationic bead, (b) the esteractic 
site and (c) in the aliphatic chain- 

Variations at the Cationic Head 
Optimal activity is obtained when llie 
quaternary nitrogen is irimethylated. 
Some deciease in activity occurs if one 
ethyl group replaces a methyl. More 
than one ethyl group enhances blocking 
activity and increases the nicotinic and 
curareform type of response. Any atom 
which produces a quaternary basic ion 
(P, S, As, etc.) may be substituted for 


the nitrogen without marked decrease 
in activity. Converting the nitrogen atom 
from a quaternary to a tertiary one re- 
duces all three types of activity. 
Variations in the Ethanol Chain 
Optimal activity is obtained when five 
atoms (excluding hydrogen) are present 
in the entire chain in a liomologous 
series- In the choline series choline has 
four members while acetyl choline has 
five. Oxygen linkages of the ether type 
favor muscarinic activity while the car- 
bonyl oxygen group favors nicotinic ac- 
tivity, Oxidation of choline to betaine 
reduces nicotinic activity and potency 
but retains muscarinic activity. Branch- 
ing in the chain abolishes nicotinic effects 
and enhances the muscarinic. Acetyl beta 
methyl choline (Melhacholine) Table 
1.22) and carbaminoyl beta methyl cho- 
line Bethanechol exemplify this altera- 
tion (Table 1.22). 

Changes at the Esteractic Site 
Optimal muscarinic effects are ob- 
tained when choline is acetylated. The 
presence of tlie terminal hydroxyl group 
of choline usually decreases pharmaco- 
logical activity. Esterification with acids 
other than acetic causes modifications in 
activity. Usually the potency is de- 
creased. Esterification with an acid or 
conversion of tlie oxygen to an etlier 
linkage enhances activi^. Lenthening of 
the aliphatic chain in tlie esterifying 
(acyl) group increases nicotinic effects 
(Table 1.22). Aryl (aromatic) substitution 
in the esterifying group further increases 
tills trend. Thus, benzoylchoUne, phenyl- 
acetylcholine and phenyl-propionylcho- 
line manifest nicotinic activity only. 
Further aryl substitution of the acetyl 
residue produces a reversal of muscarinic 
effects and nullification of acetyl choline 
activity. In other words, the compound 
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becomes atropine-lilce in its behavior. 
Esterification with the carbamino in- 
stead of the acetyl group causes an in- 
crease in nicotinic activity. This be- 
havior is exemplified by carbonyl cho- 
line (Carbachol) (Table 1.22). Alkyl sub- 
stitution of the nitrogen atoms on the 
amino portion of the carbamino group 
produces compounds which antagonize 
choline, i.e. they are atropine-like. The 
dibutyl derivative of carbachol kno\vn 
as dibutoline exemplifies this behavior. 
Esterification of choline with dicarbox- 
ylic acids enhances nicotinic action and 
curareform activity and decreases mus- 
carinic activity. This is exemplified by 
succinyl dicholine which is a depolariz- 
ing curaremimetic substance (Chap. 23). 
Converting choline to aromatic ethers, 
likewise, converts the compound to one 
which is curareform. Gallamine exempli- 
fies this type of change. 

Choline Esters 

True cholinesterase is specific for 
acetyl choline and acetyl choline only. 
It has little or no influence on the hy- 
drolysis of other esters of choline. Beta 
methylacetylcholine (Doriol or Mecholyl) 
is also hydrolyzed by true cholinesterase 
but it is slowly altered by the pseudo 
cholinesterases. This drug, therefore, 
causes sustained parasympathetic stimu- 
lation. Optimal activity of acetyl choline- 
like drugs is noted when the distance 
between the quaternary nitrogen atom 
and the carbonyl (C = 0) group is 4.7 
to 5.3 A°. This is probably the distance 
between the anionic and esteractic sites 
of acetyl choline and the receptor sites 
on true cholinesterase. 

In summary then it appears that para- 
sympathetic stimulation may be affected 
by (1) inhibiting the activity of cho- 
linesterase, (2) increasing the production 


of acetyl choline or (3) administration of 
a drug ivith a muscarinic-like effect 
which is not easily destroyed by the 
tissues. Parasympathetic depression on 
the other hand is produced by decreasing 
(1) the amount of acetyl choline lib- 
erated, or (2) by increasing the rate of 
destruction of acetyl choline or (3) by 
interfering wth the action of acetyl 
choline upon the end organs by the use 
of a substance which acts by competitive 
inhibition. Competitive inhibition is de- 
scribed in Chapter 24. 

PARASYMPATHETIC STIMULATION 
DURING ANESTHESIA 
Evidence of parasympathetic activity 
during anesthesia is abundant. Some of 
this stimulation is apparent; some is 
actual. Such manifestations of increased 
parasympathetic activity could result 
from (1) inhibition of cholinesterase 
activity, (2) increased acetylcholine pro- 
duction or (3) increased parasympathetic 
tone due to sympathetic inhibition. Cy- 
clopropane, some barbiturates, particu- 
larly the thiobarbiturates, manifest in- 
creased parasympathetic activity. Ether 
and chloroform do not give this response. 
General anesthetics do not inhibit cho- 
linesterase activity. Tlie pseudo-cholines- 
terase activity of human serum is not 
inhibited by ether, chloroform, thio- 
pental (Pentothal), cyclopropane, nitrous 
oxide or ethylene. High concentrations 
of local anesthetic drugs (procaine and 
tetracaine) do inhibit its action, some- 
what like that of eserine. The amount of 
these drugs circulating in blood when 
they are used for local anesthesia is 
too small to be of significance. 

Assay of Acetyl Choline 
Blood pseudo-cholinesterase levels 
have become important to the anesthesi- 
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ologist particularly since the widespread 
adoption of succinyl choline as a muscle 
relaxant. Tlie en 2 ynie is formed in the 
liver. The enzymes may be assayed in 
blood by incubation of plasma or serum 
with acetyl choline in the chamber of 
the microspirometer of a Warburg or in 
the extraction chamber of the mano- 
metric apparatus of Van Slyke or Niell. 
Levels are low in innanition, liver in- 
sufficiency and chronic wasting diseases. 
The hydrolysis of the ester liberates 
acetic acid and choline. The acetic acid 
reacts with the plasma hicarbonales 
which liberates carbon dioxide. The rate 
of release is measured manometrlcally 
or volumetrically and curves are platted 
graphically. The potency of cholines- 
terases in refrigerated blood preserved 
with citrate-citric acid-dextrose mixtures 
(ACD) remains unchanged over a three 
week period. 

The detection and quantitative estima- 
tion of acetyl choline liberated at nerve 
endings in tissues and body fluids 
is difficult because tbe concentrations 
are infinitesimal and the hydrolysis oc- 
curs so rapidly, Concentrations of acetyl 
choline are so minute that they are ex- 
pressed in gammas (1 gamma = 1/1000 
of a mgm.). Biological methods of assay 
are generally used for quantitative esti- 
mation of the neurohormone. The body 
wall of the leech and the rectus ab- 
dominus of the frog, previously treated 
with eserine, contract when exposed to 
minute amounts of acetyl choline. Speci- 
mens of body fluid collected for assay 
of acetyl choline are preserved with 
eserine to inliibit hydrolysis of the ester. 

Potassium ions potentiate the action of 
acetyl choline upon ganglionic cells. 
Thus, it is possible that changes in elec- 
trolyte concentrations could indirectly 
cause manifestations of stimulation. 


Synthesis of acetyl choline from acetic 
acid and choline is aided by the enzyme 
acetylcholase. Energy is required for the 
synthesis. Presumably, in the brain at 
least, this energy comes from the break- 
down of adenosine triphosphate. The 
synthesis of acetyl choline in the brain 
is inhibited in tlie presence of concen- 
trations of narcotics lliat suppress res- 
piration (Chap. 27). Quastel has shown, 
in vitro at least, that narcotics inhibit 
at links in the chain responsible for the 
oxidative synthesis of adenosine triphos- 
phate. The formation of both the acetyl 
group and of adenosine triphosphate 
occurs during the oxidation of glucose. 
When the oxidative metabolism of glu- 
cose Is depressed synthesis of both sub- 
stances is depressed. Therefore, de- 
creased formation of acetyl choline re- 
sults concomitantly with suppressed oxi- 
dation. The effects of anesthetics upon 
the central control of parasympathetic 
activity is not known. It is ^ovvn that 
acetyl choline is present in the brain in 
bound form. Anesthetics, notably ether, 
release the free acetyl choline from the 
boimd form. Small quantities are liber- 
ated which could be responsible for the 
initial excitatory effects of narcotics. 

XNnCnOUNETtCilC; 

THETIC DEPRESSANTS) DRUGS 

Parasympathetic activity may be sup- 
pressed in one of hvo ways: (1) by irsing 
drugs which act competitively w'th 
acetyl choline at cholinergic postgangli- 
onic receptors or (2) by using drugs 
which inhibit the release of acetyl cho- 
line at diese receptors. Compounds of 
the latter type are of h'ttle clinical im- 
portance at the present time. The com- 
petitive inhibitors, however, are used ex- 
lensiwly in anesthesia for their para- 
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sympathetic depressant activity. These 
compounds are referred to as parasym- 
patholytic, cholinolytic, or anticholin- 
ergic drugs. For many years atropine and 
its congeners have been used for this 
purpose and appear to remain the drugs 
of choice despite the numerous array of 
synthetic compounds which have recent- 
ly been introduced to supplant them. 
The relationship of pharmacological ac- 
tivity to chemical structure of these com- 
pounds is not as readily apparent as it 
is with drugs acting at other sites. Gen- 
erally, they resemble acetyl choline in 
structure (Table 11.22). The molecule 
consists of three parts, as in acetyl cho- 
line— a nitrogen bearing portion which 
becomes attached to the cholinergic re- 
ceptor, an intervening side chain and 
a carbonyl bearing portion. The alkyl 
and carbonyl bearing portions are phar- 
macologically inactive. There is much 
similarity between tlie anticholinergics 
and the local anesthetics (Chap. 21). In- 
deed, many anticholinergics possess 
varying degrees of local anesthetic ac- 
tivity. As is the case Nvith local anes- 
thetics, the nitrogen bearing portion is 
hydrophilic; the hydrocarbon residue is 
lipophilic. The intervening chain has a 
sufficient number of carbon atoms so that 
its length is equal to the length of the 
chain in acetyl choline. It has been 
sho%vn that aryl substitution of the car- 
bonyl bearing end of the chain in acetyl 
choline nulifies cholinergic properties 
and converts the compound into one 
which is anticholinergic. The substitution 
of tile Uvo hydrogen atoms of carbamyl 
choline by phenyl radicals converts the 
compound to an anticholinergic deriva- 
tive. 

Anticholinergic compounds are either 
tertiary amines or quaternary' bases. 
Atropine is a tertiary amine. However, it 
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may be converted to a quaternary base 
and still retain its anticholinergic effects. 
Any alterations in pharmacological ac- 
tivi^ which occur are largely quantita- 
tive. The variations in activity of the 
numerous compounds which have been 
synthesized are noted primarily in the 
eye, where mydriasis occurs, in the heart 
where vagal blockade produces tadiy- 
cardia, in the exocrine glands of the 
respiratory and gastrointestinal tract 
where secretions are decreased and in 
the visceral smooth muscle where de- 
creased tone and motility result. Quar- 
terinization of the nitrogen atom in- 
creases basicity of the compound and 
makes it more alkaline. Local anesthetic 
activi^ is nullified and absorption from 
epithelial sxirfaces is decreased. The 
lipophilic or aromatic residue portion of 
the molecule is bul^. It is conceivable 
that the molecules orient themselves at 
the cell surface in the same manner as 
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local anesthetics do and that the activity 
at the cell surface is inhibited mechani- 
cally by the bulkiness or umbrella-like 
effect of the molecule. 

Many of the synthetic anticholinergic 
drugs which ha\'e been recently intro- 
duced are patterned structurally after 
atropine or are compounds derived from 
atropine after degradation and removal 
of the non-essential parts of the molecule. 
Despite the numerous substances avail- 
able as anticholinergics, atropine and 
alkaloids related to it continue to be the 
drugs of choice for this purpose in clini- 
cal medicine. 

BELLADONNA ALKALOIDS 
Chemical Nature 

A group of plants belonging to the 
potato family kno\vn as solanaceae yield 
a group of chemically allied alkaloids 
which possess anticholinergic activity. 
The belladonna plant, or Atropa bella- 
donna, known also as deadly nightshade, 
yields three important chemically and 
pharmacologically related alkaloids. The 
most important of these are atropine, 
byosajanUne, and scopolamine. The 
alkaloids are found in tlie leaves and 
roots and in both the unripe and ripe 
fruit of the pfanf. TTie yield is approvr- 
mately 0.5%. The thomapple. Datura 
stTammo7uwn, is also a source of these 
alkaloids. The proportion of atropine is 
less than in belladonna but the amounts 
of hyoscyamine are greater. Black hen- 
bane or Hyosctjamits niger also yields the 
alkaloid. These alkaloids are optically ac- 
tive. During the extraction of the alkaloid 
from the botanical source, hyoscyamine, 
which is a levorotatory compound, un- 
dergoes internal rearrangement and 
racemerizes to atropine which is a mix- 
ture of the dextro and levo derivatives. 


Atropine 

Structure 

Atropine is an ester, tropine tropate. 
Tropine is formed by the fusion of two 
rings, one five-carbon and one four- 
carbon fused so that two carbon atoms 
and tlie nitrogen atom are common to 
both rings. The nitrogen bears a methyl 
group, and, therefore, confers to the 
compound attributes of a tertiary amine. 
Tropine is both a secondary alcohol and 
a tertiary amine. 


Optical Actiuiiy 

The optical activity of these alkaloids 
is due to the tropic acid part of the 
molecule which possesses an asymmetric 
carbon atom. Tropine contains no asym- 
metric carbon atom and is, therefore, 
not optically active. Tropic acid is hy- 
droxyphenyiacrylic acid. The syntliesis 
of atropine is of little interest in this 
discussion. Plants are stfll the source of 
these drugs. Tropine is chemically re- 
lated to ecgonine, the alcohol portion of 
cocaine. Atropine possesses the following 
structure; 


H,C— CH CH, 

I I 1 

I N— CH» CH— 0— O— CH— CHr-OH 

IW—CH (i'H, o A 

0 

Properties 


The free base consists of white, 
pointed, shiny needles which are quite 
insoluble in water (1 part in 600) and 
melt at 115*C. An aqueous solution of 
atropine (base) is alkaline to litmus, is 
bitter and unpleasant to taste. As is the 
case with other free alkaloid bases, it is 
soluble in organic solvents, such as 
chloroform (1 part in 3.5), in ether (1 in 
50), but sparingly soluble in water. It is 
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soluble m alcohol and is volatile with 
steam. 

^Vhen heated wth alkali, sudi as 
barium h)'dro.xide, atropine is hj'drolj'zed 
into the alcohol, tropine, and tropic 
acid. Esterification is accomplished by 
mixing equimolecular weights of both 
tropine and tropic acid and refluxing 
over a water bath with approximately 
twenty times their weight of hydro- 
chloric acid for several hours. Fuming 
hydrochloric acid slowly hydrolyzes 
atropine at ordinary temperatures. The 
reaction is accelerated by heat. 

Atropine heated in the presence of 
soda lime decomposes quickly into a 
variety of by-products among which is 
methyl amine. Aqueous solutions of 
atropine are stable but such solutions do 
not keep indefinitely. The tropic acid 
portion of the molecule loses a molecule 
of water to form tropine atropate or 
apoatropine when atropine is heated. 
Tropine and atropic acid result when 
apoatropine is hydrolyzed. The tropine 
does not undergo any change. Hyoscya- 
mine, or levo tropine tropate, racemer- 
izes into atropine when heated in the 
absence of air at 110°C. or if allowed to 
stand in an alcoholic alkaline solution for 
several hours. Neither atropine nor 
tropic acid possesses the physiological 
effects of the ester. 

Salts 

Atropine forms salts with mineral and 
organic acids. The most widely used 
salt is the sulphate. The salts are more 
soluble in water than the alkaloids. Atro- 
pine sulphate is a white, efflorescent, 
odorless, crystalline powder. One gram 
of atropine sulphate dissolves in 0.4 cc. 
of water, 0.5 cc. of glycerine, 3000 cc. of 
ether, and 450 cc. of chloroform at 20‘’C. 
The salts are less soluble in organic sol- 


vents than in W’ater. Aqueous solution.^ 
of salts formed from strong mineral acids 
are neutral to litmus but acid to more 
sensitive indicators. The pure sulphate 
melts at 181®C. to 183®C. 

Melaholism 

The doses employed are small; there' 
fore, the distribution and metabolism of 
atropine in the body is hard to follow. 
The drug disappears quickly from the 
blood. Atropine and hyoscyamine are 
eliminated partly unchanged in the urine 
of man after therapeutic doses. Approxi' 
mately two thirds of a dose is destroyed 
in the body. The exact fate is not knowri 
but it appears that esterases in the liver 
hydrolyze atropine. The esterases are in' 
hibited by anticholinesterases. Extracts 
of liver and mixtures of pancreatic en- 
2)7nes hydrolyze the ester to tropic acid 
and tropine, but apparently intestinal 
and gastric juices do not. The drug re' 
sisls putrefactive activity and may be 
recovered unchanged from specimens 
for toxicological study from cadavers. 
Tlie drug may be recovered from brain, 
liver, kidney, spleen, or body fluids for 
toxicological analysis. 

Detection: Biological Tests 

Two types of tests may be used for 
the detection and quantitative estima' 
lion of atropine— chemical and biologi' 
cal. The biological are more sensitive. 
Minute amounts of the alkaloids produce 
specific and marked physiological re- 
sponses on the e)'e and other paras)^!' 
pathetic innervated organs. Atropine 
causes a sustained dOatation of the pupil 
of the eye. The mydriatic action is usual- 
ly observed in the cats eye. Bate of 
dilatation and width of the pupil are the 
usual criteria employed. One drop of a 
1 to 100,000 solution of atropine sulphate 
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Jroduces appreciable mydriasis. The bio- 
ogical fluid to be examined is alkalin- 
zed and extracted with ether. The 
•esidue is dissolved in dilute sulphuric 
icid and instilled into one eye. The test 
s not specific for atropine because, un* 
ortunately, cocaine, homatropine, hyos- 
;yamine, epinephrine, and scopolamine 
fjroduce similar responses and thereby 
imit the specificity of the test. Another 
oiological test is based upon the inhibi- 
:ion of the vagal action of the frogs 
leart. The heart is first stopped by the 
iction of a few drops of muscarine ap- 
died directly to the muscle. Muscarine 
,s a vagal stimulant and stops the heart 
h diastole. The muscarine is removed 
jy washing and a few drops of solution 
suspected of containing atropine are ap- 
plied. The paralyzing action on the vagal 
jndings restores the heart beat to normal 
If atropine is present. 

Defection: Chemical Tests 
Atropine responds to many of the 
general tests for alkaloids. These, how- 
ever, are not specific for atropine. If 
any of the belladonna alkaloids (as little 
as .001 mgm.) are moistened with fuming 
nitric acid and evaporated to dryness, a 
transient violet color forms when the 
residue is treated with potassium hy- 
droxide solution. This reaction is called 
Vitali’s test. Atropine also responds to 
Gerrard’s test. This lest is performed by 
adding 1 ml. of a dilute atropine solu- 
tion to 1 ml. of a 2% mercuric chloride 
dissolved in 50% alcohol. Reduction of 
the mercuric salt to the mercurous state 
results in a precipitation of the red oxide 
of meicuty. The isomers of atropine and 
homatropine also give positive responses. 
An aqueous solution of hydrobromic 
acid and bromine, kno\vn as Wonnley’s 
reagent, produces a fine brown precipi- 
tate when added to solutions of atropine 


and its allies. Chlorauric acid forms pre- 
dpitates with atropine, scopolamine, and 
hyoscyamine which may be used to dif- 
ferentiate one from the other. Atropine 
yields a dull brown precipitate which 
melts at 135® to IST'C. Hyoscyamine 
yields a yellow precipitate which melts 
at 160® to 162®C. Gravimetric methods 
must be employed to quantitatively 
measure the alkaloid in toxicological 
studies. This necessitates careful extrac- 
tion of specimens. In recent years paper 
chromatography has been employed for 
detection of these and other alkaloids. 
These methods are too detailed for pres- 
entation here. 

Tincture of Belladonna 

The tincture of belladonna is an alco- 
holic solution prepared by steeping the 
leaves of belladonna in water. It contains 
27 to 33 mgm. of total miscellaneous 
alkaloids per 100 ml. of fluid in addi- 
tion to inert substances and other ex- 
tractives occurring in the leaves of the 
plant The alkaloid content varies be- 
cause of the diversity of the sources of 
the leaves. The fluid extract of bella- 
donna. which is little used, shows on as- 
say 0.4 mm. mgm. per 100 ml. of fluid. 
The sulphate and the free base, as well 
as the tincture, are included in the U,S.P. 

SCOPOLAMINU 

Source 

Scopolamine (also called hyoscine) is 
also found in var)ing quantities in the 
Solanaceae, whicli are the sources of 
atropine and hyoscyamine. The chief 
source, however, is from the Scopola 
Soponica -which is native to Germany, 
Russia and Hungary. The alkaloid was 
first isolated by E. Schmidt (1888). The 
free alkaloid (basic form) is a syrupy, 
while liquid which crystallizes from 
ether into a white powder which melts 
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at 39°C. This powder absorbs moisture 
from air and is again converted to a 
syrup. Aqueous solutions of scopolamine 
base are alkaline. The drug is a weaker 
base than atropine. Scopolamine forms 
salts with mineral and organic acids. The 
hydrochlorides and sulphates are known 
but the hydrobromide is soluble, stable 
and, therefore, the most commonly em- 
ployed salt. 

Structure 

Scopolamine is the tropic acid ester of 
scopine, or, more accurately, scopine 
tropate. The ester, as is the case with 
atropine, is readily hydrolyzed. Scopine 
and tropic acid form if a mild agent, 
such as pancreatic lipase, is employed. 
Scopine differs from tropine in that an 
epoxy, or ether type, linkage is inter- 
posed in the five-carbon ring (between 
carbon 8 and 7) as shown in the follow- 
ing structure: 


scopine part of the molecule. The rota- 
tion of the free alkaloids is 



Dextro scopine tropate is not a naturally 
occurring compound. A racemic mixture 
may be formed known as atrascine which 
bears the same relationship to scopola- 
mine as atropine does to hyoscyamine. 
Racemerization occurs when an alco- 
holic solution of scopolamine is allowed 
to react with potassium hydroxide. 

Salts 

Scopolamine hydrobromide is a color- 
less, odorless, white powder with a bitter 
taste. It is soluble in water (1 part in 
1.5), alcohol (I in 20), and chloroform, 
but only slightly so in ether. The salt is 
stable. Its solution may be heated and 
stored indefinitely in sterilized ampules. 
Solutions of the hydrobromide are neu- 
tral to litmus but acid to more sensitive 


HC“~CH-“ ■ -“CHj 

0^ I X-CH. in— O— C— CH— CH.OH 

^HC— CH CH, 
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Hydrolysis by means of a strong base, 
such as barium hydroxide converts 
scopine to scopoUne (or oscine). An in- 
ternal rearrangement occurs with the 
conversion of the epoxy bridge to a 
hydroxyl group. Before the structure of 
scopolamine was precisely established 
the drug was believed to be scopoline 
tropate. 

Optical Activity 

Scopolamine is optically active. Both 
the alkaloid as well as the salts are 
levorotatory. The optical activity is due 
to the asymmetric carbon atom in tropic 
acid and not to any grouping in the 


indicators. Scopolamine is stabilized 
with 10% mannite, a hexose. Scopolamine 
is readily absorbed if administered oral- 
ly. Distribution and destruction in the 
tissues is similar to that of atropine. Less 
than J% of the drug is eliminated un- 
changed into the urine. The drug under- 
goes hydrolysis as do other tropic acid 
esters. The salt melts at 190° to 192°C. 
Its optical rotation is 

[a]2'-24 to -20”, 

Identification 

Scopolamine responds to many of the 
tests of and gives reactions similar to 
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other belladonna alkaloids. A minute 
amount treated with concentrated nitric 
acid followed by saturated potassium 
hydroxide produces a violet color. R'e- 
cipitates form with alkaloidal reagents. 
Chloiauric acid added to aqueous solu* 
tions of scopolamine base or its salts 
yields a brown precipitate which melts 
at 210° to 214°C. Scopolamine does not 
form a precipitate with mercuric chloride 
(1% in IQfl alcohol) in contradistinction 
to atropine which does. As is the case 
with atropine and its isomers, scopola- 
mine may be detected by biological tests, 
since scopolamine is both a mydriatic 
and vagal depressant. 

SYNTHETIC SUBSTITUTES 
FOR ATROPINE 

The first synthetic substitute for atro- 
pine was liomatropine, which was intro- 
duced by Ludenburg in 1880. Since that 
time many substances resembling atro- 
pine have been sjaithesized and tested 
pharmacologically and clinically. Few 
are superior to the belladonna alkaloids 
For the relief of gastro-intestinal spasm 
or for mydriasis. As far as the vagal 
blocking and antisecretory effects during 
anesthesia are concerned, none is su- 
□erior to or has any distinct advantage 
aver the belladonna alkaloids. At first 
the substitutions were modifications of 
the atropine molecule, as for example 
lomatropine, which retained the tropine 
Dortion of the molecule or apoatropine 
[sjTitropan) which retained the tropic 
icid portion. Gradually the number of 
Irugs available has multiplied so that 
oday they form a heterogenous group, 
he systematic classification of which is 
Deyond the scope of this book. Some are 
juatemary derivatives of the natural 
ilkaloids while others are synthetic es- 
ers which have no resemblance what- 
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Table 111.22 

TUAMINOHEPTANE (TUAMlNE) 

N-H 

I 

2. METTHYL AMINO HEPTANE (OENETYL) 
ciq CHj 

METHYL HEIXANE AMINE ( FORTHANE) 

ever to the tropines except that a general 
configuration consisting of a lipophilic 
grouping, a hydrocarbon residue sepa- 
rated by an intervening carbon chain ap- 
pears to predominate in most compounds 
(Table 1.22). Tlie derivatives of atro- 
pine and scopolamine will be described 
briefly, however. For data on the newer 
syndielic aoticbolinergics, the reader is 
referred to more detailed texts. 

HoMATnOPINE 

Homatroplne is a synthetic substitute 
for atropine prepared by esterifying tro- 
pine with inandelic acid. Mandelic acid 
is phenylliydroxyacetic acid. It differs 
from tropic acid in that it contains one 
carbon atom Jess. The phenyl and hy- 
dro.xyl group are both on one carbon. It 
is, therefore, the lower homologue. Syn- 
thetic atropine-like drugs are often re- 
ferred to as tropeines. Homatropine 
possesses physical and chemical proper- 
ties similar to those of the naturally- 
occurring allies. 

Properties 

The base is a white, crystalline sub- 
stance, slightly soluble in water, soluble 
in alcohol, chloroform, ether and other 
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organic solvents. It melts at 99® to 
lOO^C. Salts form of which the most 
widely employed is the hydrobromide, a 
white crystalline powder. Homatropine 
hydrobromide melts at 212°C. with par- 
tial decomposition. The salts are more 
soluble in water than the free base. A 
salt forms wth chlorauric acid (AuClj* 
HCI 4H20) which melts at 142® to 
145°C. The melting point differs and, 
therefore, distinguishes the salt from 
atropine. Homatropine does not respond 
to the Vitali test or to the nitric acid 
test, thus further distinguishing it from 
the other three alkaloids. Mandeltc acid 
possesses no asymmetric carbon; neither 
does tropeine. Therefore, these sub- 
stances are not optically active. 

Other Homatropdos Derivatives 
Homatropine reacts with methyl bro- 
mide to form homatropine methyl bro- 
mine or novatrine. The methyl group 
becomes attached to the tertiary amino 
nitrogen which is then converted to the 
quaternary base. A methyl nitrate is also 
known which is similar pharmacological- 
ly to homatropine. 

Derwatw’es of Scopolamine 

The tertiary nitrogen atom of scopol- 
amine may be quatemized by treating 
it with methyl bromide to form scopol- 
amine methyl bromide (Famine). The 
compound then has rivo methyl groups 
on the nitrogen atom, as well as a 
bromide radical. This alteration in molec- 
ular structure nullifies the central ac- 
tion of scopolamine but enhances its 
spasmolj4ic action on visceral smooth 
muscle and prolongs its action some- 
what. An N-oxide may be prepared 
knoNvn as geno-scopolainine. The oxy- 
gen atom is attached to the tertiary 
nitrogen. This substance is less toxic 


and less potent than scopolamine. It is 
now considered obsolete. 

SYMPATHOMIMETIC COMPOUNDS 
Adrenergic Activity 

Substances which evoke responses 
similar to those produced by stimulating 
the sympathetic division of the auto- 
nomic nervous system are referred to as 
sympathomimetic compounds. The re- 
sponses are similar to those produced by 
the sympathetic (adrenergic) nerves; 
therefore, they are called sympathomi- 
metic or adrenergic agents. Most adren- 
ergic drugs are related to beta phenyl 
elhylamine 

XH,. 

Epineplirine and norepinephrine are the 
prototypes of several hundred chemical- 
ly and pharmacologically related amines 
of which several dozen are in clinical 
use. 

The transmission of impulses in the 
sympathetic division of the autonomic 
nervous system is mediated, as in the 
parasympathetic division, by humoral 
mechanisms. Epinephrine and norepi- 
nephrine are intimately concerned with 
this neuroeffector transmission. A clear- 
cut parallelism cannot be drawn be- 
tween the effects of acetylcholine on 
the cholinergic receptors and those of 
adrenergic substances on their effector 
cells. Likewise, parallelism cannot be 
drawn between cholinesterase and its in- 
hibitors and enzymes which destroy ad- 
renergic substances. Nor can parallelism 
be d^a^vIl between adrenergic and chol- 
inergic blocking agents. Epinephrine and 
other adrenergic substances act at a 
specialized receptor mechanism known 
as the adrenergic or adrenotropic recep- 
tor. The exact nature of the adrenergic 
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receptor is not known and how the 
adrenergic substances react with the re- 
ceptor likewise is not known. Some of the 
receptor cells which respond to adrener- 
gic agents are stimulated by epinephrine 
while others are inhibited. Agents ca- 
pable of blocking adrenergic activity are 
available. Some of the actions of epi- 
nephrine may be blocked by these agents 
while others may not be. The existence 
of two principal types of receptors has 
been postulated— an alpha and a beta. 
The alpha receptor is concerned with 
excitatory responses and is blocked as a 
rule by adrenergic blocking agents. 11)6 
beta is concerned with inhibitory re- 
sponses and is not blocked by antiadren- 
ergic agents. Modificaton of the epi- 
nephrine molecule results in compounds 
which have greater or less effects than 
epinephrineonadrenergicreceptors. Defi- 
nite relationships of chemical structure 
to pharmacological activity can be dem- 
onstrated in these various compounds. 
CHABACTEIUSTICS OF SYMPATHO- 
MIMETIC COMPOUNDS 

Sympathomimetic compounds cause 
varying degrees of myocardial stimula- 
tion, central nervous system stimulation, 
local anesthetic effects, glycogenolysis, 
inhibition of visceral smooth muscle, 
bronchial dilatation and so on. Most sym- 
pathomimetic compounds raise blood 
pressure and are, therefore, referred to 
as pressor drags, vasoconstrictors or 
vasopressors. The pressor effect, how- 
ever, is not necessarily a neurohumoral 
effect, but may instead be a neuromuscu- 
lar effect. Some compounds are inhibi- 
tors and act as vasodilators. The term 
vasopressor is not a desirable one for 
these substances. 

Aliphatic Amines 

Although sympathomimetic activity is 


not necessarily an attribute of any one 
particular chemical configuration the ma- 
jority of useful compounds are amines of 
various types (Tables III.22; IV.22j 
V.22). The compounds with the simplest 
structure are aliphatic or straight chain 
amines. Pressor activity in straight chain 
compounds becomes apparent when four 
carbon atoms are reached. Compounds 
with less than four carbon atoms are not 
sympathomimetic. Activity becomes 
maximal at six carbons and gradually 
decreases as the chain lengthens. Com- 
pounds in which tlie amino group is at- 
tached to the second (2-amino) carbon 
atom are more potent and longer acting 
than llrose in which it appears on the 
first carbon atom. The clinically useful 
aliphatic amines are of the 2-amino type. 
Branching of the aliphatic chain pro- 
duces variable effects on pressor and 
myocardial stinmlating activity, Unsat- 
urated linkages in the chain diminish the 
pressor activity. Tlie best knowm com- 
pounds of this aliphatic type are 2- 
methyl-amino-heptane (Oenethyl) and 
Octin (Table III.22). 

Cyclic Compounds 
The number of useful aliphatic amines 
is obviously limited. Few are useful 
clinically (Table 111.22). Replacement of 
a hydrogen atom on an aliphatic chain 
by a cyclic structure increases the num- 
ber of possible amines manyfold. The 
cyclic structure may be an alicyclic, aro- 
matic or heterocyclic nucleus. Thus, four 
types of sympathomimetic derivatives 
may be recognized, the straight chain, 
the alicyclic, the aromatic and the hetero- 
cyclic, Usually only one cyclic nucleus 
is found. Compounds witli more than 
one cyclic nucleus are clinically unim- 
portant as vasopressors. The cyclic nu- 
clei usually are five or six membered 
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Table IV^ 



PHENYLETHYLAMINE TVRAMINE 



PHENYLETHANOLAMINE 




AMPHETAMINE 

(BENZEDRINE) 


•CH,-CH NH-CM 


^ C.SHCHj 

Cllj 

MEPKENTERMINE 

(WYAMINCI 


-CH-CK NH. 
I I ^ 
OH CHj 


PHENYL PROPANOLAMINE 
(PROPAORlVa 


PHENYLEPHRINE 
{NEO SYSEPHRINE) 


HO 



NOREPINEPHRINE 


HO 



OH 

EPINEPHRINE 


^ OH 

ISO PROTERESOL (ISUPRCU 



EPIMNE 



EPHESRINE 


^ ^CH-CH^-NH-CMj 
CH. 


PHENYL PROPYL METHVLAMINE 
( VONEDRINE] 



HYDROXYAMPHETAMINE 

(PAREDRINE) 



PAREDRINOL 



METHOXY PHENAMINE 
(ORTHOXINEJ 


^<x;h. 


<x;h, 

CHNH, 
I ’ 
OH CH 


METHOXAMINE (VASOXYLJ 


CH- CH - CH, 

I I J 

OH NHj, 

CO 

NORFEDRIN 

(CORBA5IL. COBEFRIVE) 



METARAMINOL 

(ARAMINEJ 
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Table V.22 



NAPHAZOLINE (PRIVINE) 



1 

H 


5 - HYDROXYTRYPAMINE 


VCH^.CH-NH-CHj 

CHj 

CYCLOPENTAMINE ICLOPANE) 


CH3 

PROPYLHEXEDRINE (BENZBDREX) 

rings. Actually the cyclic compounds are 
mixed, that is, tliey are composed of 0 
ring and an ahphatic chain. The carbon 
chain in Uiese is shorter than in the 
purely straight chain compounds. Usu- 
ally, optimal pressor activity results 
when the chain has two carbons. Pres- 
sor activity decreases when four carbon 
atoms are reached. The amino group may 
be either on the diain or on the ring. 
Substitution of radicals on the ring, in 
addition to substitutions on the amino 
group, results in more potent vasopres- 
sors than is noted in compounds wbidi 


are purely aliphatic straight chain deriva- 
tives. Optimal pressor activity occurs 
when the amino group is on the second 
carbon atom, that is, when the distance 
between the amino group and the ring 
is 2 carbon atoms. The cyclic structure 
may be alicj'clic or aromatic. There is 
little difference in potency between the 
5 membered (cyclopentyl) and the 6 
membered (cyclohexyl) derivatives. In 
other words, the addition of one more 
carbon atom to tlie ring has little effect 
on potency. Unsaturated linkages in an 
aUcyclic ring, likewise, cause no notable 
effects in potency. Variations in ring 
structure from the saturated cyclohexane 
to the unsaturated aromatic ring produce 
compounds of like potency. Alicyclic 
compounds possess greater central stim- 
ulating action and less cardiac stimulat- 
ing effects than the straight or branched 
chain derivatives. 

Aromatic Amines 

The better known of the pressor sub- 
stances are aromatic compounds (Table 
rv.22). By this is meant that, they are 
compounds having a benzene ring or 
other aromatic nucleus substituted on 
the straight chain. The substitution of an 
aromatic nucleus on an aliphatic amine 
does not necessarily increase sympatlro- 
mlmetic activity. Central stimulating ac- 
tivity appears to increase as a ring tends 
to become aromatic. Certain aromatic 
amines have only slightly greater pressor 
activity than corresponding alicyclic or 
ab'phatic derivatives. Variations in pres- 
sor activity appear to be more of a func- 
tion of substituents on the aromatic nu- 
cleus dian dial of the ring itself. Al- 
tliough the most important aromatic 
derivatives contain the benzene ring, 
other aromatic nuclei may be used to 
form these drugs. For example, the alpha 
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naphthalene nucleus, the benzopyrene 
ring, which is found in naphazoline, or 
an indol nucleus may appear instead of 
the benzene ring. The amino group is 
usually separated from the aromatic 
nucleus by several carbon atoms. Irre- 
spective of the type ring which appears, 
the nature of the substituents on the 
ring, or the types of radicals on the nitro- 
gen atom, maximal sympathetic activity 
is obtained when two carbon atoms sep- 
arate the ring from the amino group. 
This applies to all the actions of a com- 
pound be the action excitatory, inhibi- 
tory, cardiac stimulating or pressor. 
Lengthening the side chain to four or 
five carbon atoms not only results in an 
almost complete disappearance of pres- 
sor activity, but also causes a consider- 
able increase in toxicity. Conversion of 
the aromatic nucleus to an alicyclic one 
by li}’drogenation appears to alter the 
potency only slightly, Phenylethylamine, 
for example, has the same pressor activ- 
ity as cyclohexyl elhylamine. Phenyl 
ethylamine is the basic structure around 
which aromatic amines are built. Length- 
ening the chain of this amine to more 
than two carbon atoms reduces its pres- 
sor activity. 

Substitution on the Aliphatic Chain — 
Aliphatic Substituents 
Substituents on the straight chain and 
on the amino group alter the pharma- 
cologic effects also. Most compounds in 
current use have a hydroxyl or a methyl 
group on either the alpha or beta carbon 
atom of the aliphatic chain. Placing a 
methyl group on the beta carbon causes 
a decrease in adrenergic activity. Phenyl- 
isopropyl methylamine contains a beta 
methyl group which apparently weakens 
its cardiovascular and central stimulat- 
ing effect but causes it to retain its local 


vasoconstrictor activity. ^Vhen the 
methyl group is substituted on the alpha 
carbon in an aromatic amine with two 
carbon chains the pressor activit)' and 
the smooth muscle stimulating proper- 
ties are usually enhanced, although it is 
possible for them to be decreased or un- 
changed. 

Alpha Methyl Substituents 
Compounds which contain a methyl 
group on the alpha carbon are sometimes 
referred to as the ephedrine type (Table 
IV.22). They are less potent in regards 
to pressor activity, more toxic, more 
stable and longer lasting. Tliey may be 
taken orally and are not detoxified by 
enzymes which affect epinephrine. 
Amphetamine which has a methyl group 
on the alpha carbon is equally as potent 
as phenyl ethylamine in regards to pres- 
sor activity. On the other hand, cobefrin 
which differs from epinephrine in having 
a methyl group on the alpha carbon is 
% as potent Alpha metljyl substitutions 
cause an increase in central excitatory 
activity, glycogenolytic activity and pres- 
sor effects. Replacement of the methyl 
group by an ethyl group nullifies activ- 
ily. 

Hydroxy Substituents 
Compounds with a hydroxyl group on 
the beta carbon, that is, on the carbon 
carrying the aromatic nucleus are also 
fcnowTi (Table IV.22). Alpha hydroxy 
substituents are unimportant. The hy- 
dro’^'! group in the beta position alters 
pressor activity very little but enhances 
the cardiac stimulating action and the 
inhibitory effect on smooth muscle. The 
glycogenolytic effect and central stim- 
ulating effect presumably are reduced by 
this substitution. Ephedrine has a hy- 
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droxyl group on the beta or aromatic 
carrying carbon atom. 

Substitution on the Aromatic Nucleus 
The presence of a hydroxyl group on 
an aromatic nucleus converts a com- 
pound into an aromatic alcohol or 
phenol (Table TV .22). Sympathomimetic 
activity is enhanced by this substitu- 
tion. Sympathomimetic potency of aro- 
matic amines varies with the number 
and the position of hydro.xyl groups on 
the ring. As a rule, sympathomimetic 
activity is increased and the central stim- 
ulating action is decreased by the hy- 
droxy substitution. The stability of the 
compound also is decreased. Such com- 
pounds are easily oxidized to form dark 
brown substances known as quinones. 
Tire)’ are subject to enzjTnatic changes 
in the body. Substitution of a hydro.^1 
group in the para position increases 
pressor activity slightly but enhances in- 
liibilory or smooth muscle activity. Syn- 
ephrlne which consists of a two carbon 
methylated amine results when the 
molecule has such a configuration. A 
single hydroxyl group in the meta posi- 
tion results in phenylephrine (Ncosyn- 
ephrine). This has a greater pressor effect 
than synephrine. Compounds with a 
single hydroxyl group on the benzene 
ring manifest greater pressor activity 
than those without hydroxyl groups. 
Thus ephedrine which has no hydro.xyl 
group on the aromatic nucleus is less 
effective than phenylephrine (Neosyn- 
ephrine) or synephrine each of which 
has one. The para-hydroxy and the meta- 
hydroxy derivatives are more potent 
than the ortho. The presence of a hy- 
droxyl group on the beta carbon in 
addition to one or more hydroxyl groups 
on the aromatic nucleus confers addi- 
tional sympathomimetic activity to the 


compound. The hydroxyl group in the 
ortlio position enhances the pressor ef- 
fects to a greater extent than the cardiac 
effects. Plienylephrine (Neosynephrine) 
elevates the blood pressure by its pressor 
effect rather than by its cardiac acceler- 
ating or stimulating effect. Tlie two hy- 
droxj'l groups in epinephrine are in the 
meta and para positions respectively. 
Such an arrangement of hydroxyl groups 
on the aromatic nucleus is referred to as 
the catechol nucleus. Central effects and 
duration of action are greatly diminished 
by the presence of hj'droxyl groups on 
the aromatic nucleus. Groups other than 
the hydroxyl, such as the amino, nitro, 
halo, alkyl, alkoxy and so on may be 
substitute on an aromatic nucleus. 
Physiological activity is usually de- 
creased by such substitutions and is less 
than iJiat of the hydroxy counterparts. A 
reversal of the effect on smooth muscle 
occurs as larger substituents appear on 
tlie aromatic nucleus. The dietho.xy de- 
rivative of propadrine is a bronchodlla- 
tor. 

Amino Substitutions 
The alkyl substitution of the hydro- 
gens of the amino nitrogen alters the 
physiological and chemical activity of 
the compound. The compound is no 
longer a primary amine, but becomes 
either a secondary or tertiary amine, 
depending upon hydrogens replaced. 
The physiological alteration depends 
upon tlie size and tlie number of the 
alkyl groups on the nitrogen atom. 
Melliylation of the nitrogen atom does 
not affect the pressor response but the 
smooth muscle, inhibitory and blood 
sugar elevating properties are enhanced. 
Epinephrine and norepinephrine are 
identical in structure save for the fact 
that the amino nitrogen in epinephrine 
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is methylated. The prefix nor before the 
name of a compound indicates that a 
methyl group whicli is normally present 
in that compound has been removed. 
The addition of the methyl group to 
norepinephrine alters its pharmacologi- 
cal activity and increases its cardiotonic 
effects. Replacement of both hydrogen 
atoms by two methyl groups on the 
amino nitrogen, as a rule, reduces sym- 
pathomimetic activity. Increasing the 
size of the substituting group decreases 
the pressor activity but increases the 
bronchodilator, cardioaccelerator and 
central excitatory activity. Converting 
tlie amino nitrogen to a quaternary am- 
monium base imparts a nicotine-like 
activity to the compound and nullifies 
the sjTnpathomimetic activity. 

Effect on Cardiac IrritahiUty 
Sympathomimetic amines may in- 
crease cardiac irritability. This irritabil- 
ity may be further enhanced when such 
compounds are used in conjunction with 
alicyclic and halogenated hydrocarbons. 
Severe cardiac arrhythmias, such as ven- 
tricular tachycardia or fibrillation have 
occurred when certain pressor amines 
have been used in conjunction with cy- 
clopropane, cyclobutane, chloroform, 
ethyl chloride, trichlorethylene, halo- 
Ihane (Fluothane) and other halogenated 
hydrocarbons. The sympathomimetic 
amines which consistently produce ven- 
tricular arrhythmias when used in com- 
bination with cyclopropane are primary 
and secondary amines having a catechol 
nucleus. Both epinephrine, which is a 
secondary amine with a catechol nu- 
cleus and norepinephrine, which is a 
primary one produce this effect. Phenyl- 
ephrine (Neosynephrine) is a secondary 
amine but it is not a catechol amine be- 
canse it has only one hydroxyl on the 


aromatic ring. It does not produce ar- 
rhythmias with the aforementioned anes- 
thetics. Sympathomimetic substances of 
the tertiary amino type which have a 
catechol nucleus and primary amines are 
usually inactive in this respect. Eph- 
edrine is a secondary amine with no 
catechol nucleus and, therefore, does not 
increase cardiac irritability with these 
anesthetics. 

Optical Activity 

Many aliphatic and aromatic sympa- 
thomimetic amines have one or more 
asymmetric carbon atoms and are, there- 
fore, optically active. Ephedrine, epi- 
nephrine and norepinephrine and am- 
phetamine and many others are optically 
active. Ephedrine, for example, has two 
asymmetric carbon atoms and, there- 
fore, forms four optical isomers. The 
naturally occurring substances, such as 
epinephrine and norepinephrine, are 
levorotalory. The levorotatory optical 
isomers are more active physiologically 
than the dextrorotatory or the racemic. 
Levo-epinephrine is approximately 
twenty times more active than the 
dexfro. Racemic ephedrine is less active 
than the levo. 

Basicity and Salt Formation 

Sympathomimetic amines are bases 
and, therefore, form salts with acids. 
The bases are less soluble in water than 
in salts. In addition they are lipophilic 
and penetrate into nervous tissues. Some 
are sufficiently volatile so that they may 
be inhaled to produce vasoconstriction 
of the nasal mucous membranes. 

Epinephrine and NoREPiNEPiiniNE 

Epinephrine and norepinephrine are 
not only closely related chemically and 
pharmacologically but they are also 
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found together in the medulla of the 
adrenal gland. For this reason both sub- 
stances are discussed simultaneously. 
Norepinephrine is epinephrine minus 
the methyl group on the nitrogen atom. 
Both are catechol amines. Epinephrine is 
3,4 dihydro.xyphenylelhanol methyl 
amine while norepinephrine is 3,4 dihj'^ 
droxyphenylethanolamine. In both ani- 
mals and man tlie proportion of epi- 
nephrine in the adrenal gland is 85!Z to 
15% norepinephrine. Norepinephrine is 
found in almost pure form at the ends of 
adrenergic nerves and in the structures 
innervated by these nerves. In certain 
abnormal conditions, notably pheo- 
chiomocytoma (an adrenal tumor) nor- 
epinephrine may be 90? of the mixture. 
Both derivatives are optically active. 
Levoepinephrine is 20 times more active 
physiologically than the dextro. Levo- 
norepinephrine is approximately 45 
times more active than the dextro. The 
generic name for norepinephrine is 
levoarterenol However, it appears tliat 
most workers prefer to refer to the com- 
pound as norepinephrine. This name ap- 
pears to be more prevalent. The racemic 
form of norepinephrine has been known 
for approximately 50 years, Clinical in- 
terest did not develop in the compound 
until it was prepared in its levo form. 
It was used clinically in the early 1950s. 
The fact that epinephrine from glandular 
sources is a mixture of both epinephrine 
and norepinephrine remained undiscov- 
ered for some time due to the difficulties 
in the methods of analysis. Both com- 
pounds respond to the same general tests 
and are difficult to distinguish from one 
another. 

History 

In 1856, Colin and Vulpian demon- 
strated that a solution of ferric chloride 


produced a blue color at the medullary 
portion when applied to the cut surface 
of the adrenal gland. Phenols as a class 
react in this manner with ferric chloride. 
Tills response xvas obtained because the 
drug is a phenol. A similar coloration was 
also obtained when blood from the 
adrenal vein was treated similarly, This 
work represented the first step in the 
isolation of the hormone and suggested, 
as was later proved, that the substance 
is elaborated in the medulla of the 
adrenal gland. 

Oliver and Shaefer (1895) first demon- 
strated the sympathetic stimulating ef- 
fects of extracts of the adrenal medulla 
upon the cardiovascular system. Abel 
and Crawford (1897) first isolated the 
hormone from the gland. Takamine 
(1901) prepared crystalline epinephrine 
in pure form. Jowet (1904) first described 
its molecular structure, Stolz (1905) first 
synthesized epinephrine. 

Sotirce 

Both substances are elaborated from 
the amino acid, phenylalanine and tyro- 
sine, to wliich they are allied chemically. 
Tlie exact manner in which the acid is 
converted to these derivatives is not 
known. Presumably phenylalanine is first 
converted to hydroxy phenylalanine 
(tyrosine) and then to dihydroxyphenyl 
alanine (a substance known as DOPA). 
Decarboxylation converts this to dihy- 
droxyphenyl ethylamine (hydro.xyty- 
ramine) which is then hydroxylated at 
the beta carbon to norepinephrine. 
It is believed that in the body norepi- 
nephrine can be converted to epineph- 
rine by a methylation reaction involving 
enzjTnes of the adrenal (page 459). 

Epinephrine may be prepared from 
glands of slaughtered animals by macera- 
tion and extraction with dilute alcohol. 
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sis). The resulting racemic mixtures are 
resolved into the dextro and levo com- 
ponents. 
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Tlie extraction is carried out under oil 
to exclude air which would otherwise 
oxidize the hormones. The extract is con- 
centrated in a vacuum after which the 
proteins are precipitated by heat. The 
crude product is purified by crystalliza- 
tion with alcohol and ether. Epinephrine 
and norepinephrine from all mammalian 
sources are identical chemically. Com- 
mercial epinephrine obtained by extrac- 
tion of the adrenal gland contains up to 
18% norepinephrine. The presence of the 
norepinephrine apparently has no sig- 
nificant effect on the pharmacologic 
properties of epinephrine. For many 
years the contamination of epinephrine 
by norepinephrine remained unrecog- 
nized due to inadequacies of methods of 
distinguishing the two. Pure epinephrine 
and norepinephrine may be prepared 
synthetically from catechol. In the syn- 
thesis of epinephrine catechol mono- 
chloracetyl chloride is treated with 
methyl amine (Stolz-Flaescher ^mthe- 


Properties 

Both epinephrine and norepinephrine 
exhibit properties characteristic of 
phenols and amines. The amino portion 
confers basicity to the compound so that 
it forms salts with mineral and organic 
acids. The naturally-occurring drugs are 
levorolatoiy. The synthetic product is 
racemic. The levo isomer is about 20 
times more active physiologically than 
the dextro. The racemic form which 
is an equimolecular mixture of the two 
optical isomers, is only one-half as active 
as the levo. 

Both epinephrine and norepinephrine 
are unstable due to the presence of the 
two readily oxidizable phenolic hydroxyl 
groups on the aromatic ring structure. 
Compounds of similar structure minus 
the hydroxyl group (ephedrine) are more 
stable. Epinephrine is very rapidly oxi- 
dized in air, in alkaline solutions, by alde- 
hydes, and by various oxidizing agents, 
even weak ones. 

Metabolism and Elimination 

The fate of epinephrine and norepi- 
nephrine in animal tissues is a subject 
of intense interest because both com- 
pounds are associated with mediation of 
sympathetic nervous impulses. The sit- 
uation is not parallel to the one found 
at cholinergic nerve endings in which 
the mediator, acetylcholine, is rapidly 
hydrolyzed by cholinesterase. Epineph- 
rine may be inactivated by at least three 
mechanisms: (1) Oxidative deaminiza- 
tion, (2) o.xidation of the phenolic hy- 
droxj’I groups, and (3) by conjugation of 
die phenolic groups with glucuronic or 
sulphuric acid. 
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Oxidative deaminization is facilitated 
by the enzyme amine oxidase. This en- 
zyme is not specific for epinephrine since 
in vitro it oxidizes many other primary, 
secondary and tertiary amines, such as 
phenyl ethylamine, tyramine and phe- 
nolic derivatives of these. The end prod- 
ucts of oxidation are an .aldehyde and 
ammonia which in turn are converted to 
a carboxyl derivative and urea. In vitro 
both epinephrine and norepinephrine are 
oxidized by amine oxidase. Norepineph- 
rine is Oxidized somewhat more rapidly. 
It has not been conclusively established 
that amine oxidase is the principal en- 
zyme inactivating epinephrine and nor- 
epinephrine in vivo. Epliedrine is re- 
sistant to oxidation by the enzyme. In 
addition it inhibits the action of the 
amine oxidase upon epinephrine in 
vitro. Gaddum and bis co-workers in- 
troduced the concept that ephcdrlne 
acts by prolonging the action of epi- 
nephrine or other adrenergic mediators 
in a fashion paralleling those of choIineS' 
terase inhibitors upon acetylcholine. This 
concept, though accepted by many, has 
little valid proof to substantiate it. Co- 
caine also Inhibits amine oxidase in vivo. 
Amine oxidase is concentrated to the 
greatest extent in the liver. 

Adrenochrome 

Oxidation of the phenolic hydroxyl 
groups results in bro^v^ products known 
as quinones. Two atoms of hydrogen are 
lost to form an ortho quinone derivative. 
This compound undergoes further 
change to a red-colored indole derivative 
called adrenochrome. Adrenochrome is 
physiologically inactive. It polymerizes 
to brown melanin pigments. This type of 
oxidation occurs spontaneously in aque- 
ous solutions of epinephrine and other 


amines, which have hydroxyl groups on 
the aromatic nucleus. 

Tire catechol and phenolic amines are 
conjugated in tlie liver and intestine with 
sulphuric or glycuronic acid. After oral 
administration of epinephrine the con- 
jugated products are found in the urine 
along with traces of free epinephrine. 
The inactivation for these esterases prob- 
ably accounts for tlie inactivity of this 
type of compound after oral administra- 
tion. The rate of inactivation and dura- 
tion of action of epinephrine and norepi- 
nephrine varies with the route of ad- 
ministration. When introduced directly 
into the circulating blood inactivation is 
rapid. In tlie peripheral areas these sub- 
stances may be trapped in the tissues 
by their own vasoconstrictor effects and 
produce a longer effect. At present the 
principal in vivo mode of inactivation 
has not been established. 

Tissue Epinephrine Concentratiom 

The qualitative detection and quanti- 
tative estimation of epinephrine ha 
been, for years, difficult to accomplist 
Methods of assay have been biologica 
and chemical. Chemical methods hav 
been largely colorimetric. A mass o 
data has accumulated in the literatun 
concerning tissue and plasma concen 
tration which does little except creat< 
confusion. The factors wliich have con 
tribuled to the difficulties are as follows 
(1) Tlie concentrations circulating ir 
plasma are minute. Methods of detectioi 
have not been sufficiently sensitive. (2' 
Methods of detection have not been spe- 
cific for epinephrine but respond to cate- 
chol amines or roonophenolic amines 
(8) Separation from protein-containing 
tissues result in low yields because the 
anting are eitlrer destroyed or adsorbed 
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to protein. (4) Tlie circulating amines are 
not necessarily a reflection of the quan* 
tides released from their sources or the 
amount present at receptors due to this 
rapid destruction. 

hfuch of the data in the older reports 
has been obtained by methods of bioas- 
say. In these the pressor acUon of the 
drug on the mammalian vascular system 
is noted by adding the drug to be tested 
to smooth muscle strips innervated by 
sympathetic fibers and observing the 
contractility. Obviously these methods 
have little application to anesthesia re- 
search. Various colorimetric and fluoro- 
metric tests have been utili 2 ed. Recently 
the trihydroxyindole method has been 
introduced which is specific for and per- 
mits the diflferentiation of epinephrine 
from norepinephrine. These data ob- 
tained using this method indicate that 
the plasma epinephrine levels vary be- 
tween 1 to 2 micrograms and that nor- 
epinephrine levels range from 4 to 5 mi- 
crograms per liter. Epinephrine is re- 
leased continuously and not merely at 
times of stress as postulated by Cannon, 
provided the innervation of the gland re- 
mains intact. The rate of utilization of 
epinephrine has been estimated to be 
0.033 micrograms per liter per minute. 
Changes in plasma level occur rapidly. 
Tile adrenal gland does not appear to be 
the source of the major portion of tlie 
norepinephrine. Presumably it arises 
from adrenergic innervated structures. 

Anesthesia and the Sympathetic 
Nervous System 

For many years the behavior of the 
sympathetic nervous system during anes- 
thesia has been a subject of considerable 
interest. Ether, chloroform, vinyl ether 
and other anesthetics have been referred 


to as being sympathomimetic. The evi- 
dence for this has been both indirect and 
direct. There is considerable data which 
indicates that during anesthesia epi- 
nephrine and norepinephrine are liber- 
ated from the adrenal glands, the sym- 
pathetic nervous endings and perhaps 
also within the central nervous system 
itself. Both amines overcome the dele- 
terious effects of anesthetics upon the 
heart. The heart tends to fail when the 
hormones are absent. The epinephrine 
and norepinephrine content of the 
adrenal gland has been compared \vith- 
out and during anesthesia. A depletion 
is consistently noted. This has been of- 
fered as presumptive evidence of a sym- 
patho-adrenal response. Anoxia, CO: ex- 
cess, ether, chloroform and spinal anes- 
thesia all cause a depletion of the epi- 
nephrine content of the gland. Unex- 
plained, unexpected deaths were, years 
ago, ascribed to ventricular fibrillation 
due to the sudden rapid, excessive re- 
lease of epinephrine from the adrenal 
gland in the presence of increased cardiac 
irritability from anoxia, cyclopropane, 
chloroform and other cardiac sensitizing 
drugs. Valid biochemical data in support 
of this hypothesis have never been pre- 
sented. Indirect evidence of sympathetic 
stimulation, such as tachycardia, eleva- 
tion in blood pressure, hyperglycemia 
and disturbances in carbohydrate metab- 
olism have been offered to support the 
contention that ether, chloroform anes- 
thesia and anoxia are accompanied by 
sympathetic stimulation. Epinephrine 
Wood levels have been determined but 
the data presented have been open to 
question, either because the analytical 
method did not differentiate between 
epinephrine and chemically related cate- 
chol amines, the epinephrine precursors 
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or because they were not sufficiently sen- 
sitive to accurately portray the blood 
level. Price and his associates have come 
the closest to providing definitive blood 
level data on both epinephrine and nor- 
epineplirine. They found, utilizing the 
trihydroxyindole method for analysis, 
that the plasma norepinephrine level was 
elevated during cyclopropane anesthesia 
in man. The variations paralleled the 
depth of anesthesia. Erratic responses in 
plasma norepinephrine occurred during 
ether anesthesia. Little or no chonge was 
noted with thiopental or halothane (FIuo- 
thane) anesthesia. Elevations in epi- 
nephrine levels were erratic and not con- 
sistent. Their data indicates that the 
adrenal gland plays a minor role in the 
sympathetic response and in elevating 
catechol amines. The response is largely 
due to norepinephrine release from adre- 
nergic structures other than the adrenal 
glands. 

EPlNEPSnUNE 

Properties 

Epinephrine is a white powder, some- 
times tinted slightly brown. Its molecu- 
lar weight is 183. The base melts at 211° 
to 212° C. The free base is slightly sol- 
uble in water and alcohol. It is insoluble 
in chloroform, ether and acetone. Solu- 
tions of the free base are neutral to lit- 
mus, but alkaline to more sensitive indi- 
cators. Ti\e base combines with acids to 
form water soluble salts. The hydro- 
chloride is the most common salt. The 
optical rotation of the hydrochloride in 
aqueous solutions is 

[alo —50° to —53 5°. 

Solutions are unstable. The drug is 
readily o.xidized to adrenochrome and 
other brown oxidation products. It is 


stored in amber bottles to protect them 
from light which hastens their deteriora- 
tion. The U.S.P. strength of epinephrine 
hydrochloride solution is 1/lOth of a 
gram of the drug per 100 ml. of physio- 
logical saline. Dilute solutions are less 
stable than concentrated. Concentrated 
stock solutions are therefore dispensed 
which are diluted to proper strength at 
the lime of use. A suspension of epi- 
nephrine in peanut oil (0.2%) often re- 
ferred to as "slow epinephrine” is made 
available for intramuscular injection. 
The slow absorption of the drug from 
the oil results in a prolonged sustained 
effect. Tablets of tlie borate and bitar- 
trate are available for preparing solu- 
tionsforlocal anesthesia. A glycerol solu- 
tion (1 part in 1000) is available for in- 
halation by nebuUzation. Ointments (1 
in 100) in a petrolatum base are available 
for topical use. 

The U.S.P. requires standardization 
of epinephrine by biological assay on 
dogs anesthetized with ether and treated 
with atropine and curare. Tlie standard 
dose is one which elevates the blood 
pressure 30 mm. to 60 mm. Hg from a 
base level in a standard weight dog. 
Ollier biological methods of assay are 
based upon the relaxing effect of the 
drug on mammalian uterine muscle or 
upon the sphincter muscle of the pupil 
of the sympathectomized eye. Only the 
levorotatory drug is employed clinically. 
The racemic form is available but pos- 
sesses half the physiological action of the 
levo form. Epinephrine is also knoxvn by 
various proprietary names, most com- 
mon of which are Adrenaline and Supra- 
renin. 

Norepinephrine 

Norepinephrine, or more accuratel)’ 
levoartercnol, is a base which fonns a 
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colorless, odorless, crystalline monohy- 
drate salt with tartaric acid. As is ttie 
case with epinephrine, contact with air, 
oxidizing agents and alkalies causes it to 
decompose. Norepinephrine is more 
stable to oxidation than epinephrine. A 
neutral aqueous solution is stable for 
many hours at room temperature. Heat- 
ing to 100®C. for one hour completely 
inactivates the compound. In alkaline 
solution it is completely inactivated at 
room temperatures. Le^'O-norepinephrine 
bitartrate melts at 163°C and has an opti- 
cal rotation of The hydro- 

chloride melts at 146°C. and has an op- 
tical rotation of — 40“. U-S.P. 

solution is made isotonic with saline and 
stabilized with 0.2% sodium bisulphite 
which prevents oxidation of phenolic 
compounds to quinones. The solution is 
available in 4 ml. ampules of 0.2% 
strength which is equivalent to 0.1% base. 
The inactivation in the body presumably 
follows the same pathway as does epi- 
nephrine. 

The d,l mixture has been known for 
years. In 1948 Tuller resolved the mix- 
ture by taking advantage of the differ- 
ence in solubility of the two isomers in 
methanol. The levoarterenol bitartrate 
forms a hydrate which is soluble in 
methanol. The dextro derivative does 
not form a hydrate and has a low solu- 
bility in methanol. Heating of the acid 
solution causes racemerization of the op- 
tical isomers. Similar behavior is noted 
with epinephrine. 

Ephedhine 

Chemistry 

Ephedrine is the prototype of a series 
of several hundred s^mtlietic adrenergic 
drugs used in current therapy. It has, to 


a certain extent, been superseded by 
other drugs but still remains as one of 
the more important pressor agents. 
Ephedrine is a constituent of the herb 
Ma Huang and has been used for treat- 
ment of respiratory diseases for over five 
tliousand years in China. The drug is an 
alkaloid occurring in groups of plants 
belonging to the genus ephedra which 
is indigenous to India, Spain and other 
geographic areas of about the same lati- 
tude. The plants, which grow as stalks 
without branching, are related to pines, 
ferns, and other gymnosperms. The al- 
kaloid, first isolated in pure form by 
Nagi (1887) was studied in a general 
^vay by Takahashi and Miura (1892). The 
drug was considered toxic and was, 
therefore, little used before 1917 except 
for mydriasis. Later it was reinvestigated 
by Amatsu and Kubota. Chen and 
Schmidt (1923) reported extensive phar- 
macological studies and actually re- 
discovered the compound. 

The molecule has two asymmetric 
carbon atoms. In the plant two forms of 
the drug exist, leva ephedrine and dex- 
iro pseudo ephedrine. The levo ephed- 
rine, which Is the official substance, is 
found in the Chinese plant while the 
other plants contain mi.xtures. Four op- 
tically active isomers are possible due to 
these two asymmetric carbon atoms. 
Therefore, a total of six stereo-isomers is 
possible: 1, d, and dl, ephedrine, and 1, 
d, and dl, pseudo ephedrine. The levo 
ephedrine is more active physiologically 
than the levo isomer. Dextro pseudo 
ephedrine is next in activity. The pseudo 
ephedrines differ somewhat from ephed- 
rine in clinical, physical and pharmaco- 
logical properties. The OH and CHa 
groups in ephedrine are close to eacli 
other, while in pseudo ephedrine they 
are farther apart. 
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Source 

Until recent years most of the drag 
was derived from plant sources. The 
shortage which developed during World 
War II stimulated interest of the syn* 
thetic products. Both tlie racemic form, 
knowm as ephitonin and tlie Icvo form 
are available for medical use. Ephitonin 
is less active than the levo form. Tire 
pure levo form is made by fermentation 
of glucose with yeast in the presence of 
benzaldehyde. 

Ephedrine manifests many of the 
physiological reactions of epinephrine 
but over a longer period of time. The 
drug has greater stability to air, light, 
heat and pH changes then epinephrine. 
The greater stability is due to the ab- 
sence of hydroxyl groups on tlie benzine 
nucleus, and to the presence of the 
methyl group on the alpha carbon. The 
drug is effective orally. Adrenergic 
agents possessing the unsubsUtuted 
phenyl ring and a methyl group on the 
carbon atom are cortico-medullary stim- 
ulants, Ephedrine is resistant to amine 
oxidase. This refractoriness to this en- 
zyme is due to the presence of the alpha 
methyl group. The exact fate of ephed- 
rine in the body is not known. The de- 
struction in heart-lung preparations and 
other perfusion systems is slow. Some 
deaminization occurs aided by the ascor- 
biC'dehydro ascorbic acid enzyme sys- 
tem. Tliorp, Essex, and Mann found un- 
diminished pressor activity even after 
tliree hours of perfusion through animal 
tissues. As much as 40% of a tlierapeutic 
(50 mgm.) dose of ephedrine is excreted 
unchanged into the urine. 

Since the alkaloid is a base, it forms 
salts with mineral and other acids. The 
hydrochloride and sulphate are U.S.P. 
official preparations. Both salts are solu- 
ble in water; the free base is only 


slightly so. The alkaloid is soluble in oils 
and petrolatum bases, however, and is 
used in the form of a 1% ointment in pet- 
rolatum for topical application. Hie 
anhydrous alkaloid is a colorless, unctu- 
ous solid wliich liquefies easily and boils 
at 132® to 133®C. The melting point is 
not sharp due to variations caused by 
the absorption of moisture. Tlie free base 
is soluble in alcohol, chloroform, and 
ether. Solutions of the base are strongly 
alkaline to litmus. The optical rotation 
of the free base at 25°C. is — S3® to 
— 35.5® using a sodium light. A hemi- 
liydrale iorms with water, which is 
stable. Ferric chloride, unlike epineph- 
rine, does not cause a purple colora- 
tion when added to ephedrine, since 
there is no hydroxyl group on the aro- 
matic ring. Ephedrine and its salts give a 
red-purple color when added to a re- 
agent containing 1% solution of hydro- 
chloric acid and 10^ copper sulpliate 
after wlUch is added a 20$ caustic soda 
solution. Solutions of ephedrine do not 
turn brown on standing due to the ab- 
sence of the phenolic hydroxyl groups. 
The hydrochloride of the levo form 
melts between 216® to 220®C. 

Ampiictamine 

A number of drugs chemically and 
pharmacologically allied to ephedrine 
are used for their sympathomimetic ef- 
fects. Omission of the methyl group on 
the amino-nitrogen without other 
changes results in propadrine; replace- 
ment of both the methyl group on the 
amino nitrogen and the hydroxyl group 
oft the beta or (phenyl bearing carbon) 
with hydrogen results in amphetamine; 
replacement of only the hydroxj'I group 
on the beta carbon of ephedrine results in 
methamphetamine (Methedrine, dcsoxy- 
ephedrine, Desoxyn). A second methyl 
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group instead of a hydrogen atom on the 
alpha (amino bearing carbon) results in 
mephenteramine (Wyamine). 

Phenylephrine (Neosynephrine) and 
Related Hydroxy Phenyl Derivatives 
Phenylephrine (Neosynephrine) is 
widely employed as a pressor substance 
for hypotension due to spinal anesthesia 
and other syndromes characterized by 
vasodilatation. It differs from epinephrine 
in having only one hydroxyl group. This 
is in the meta (3) position with reference 
to the aliphatic chain. Since it is chemi- 
cally allied to epinephrine in many ways 
it responds pharmacologically and reacts 
chemically as does epinephrine. Solu- 
tions readily oxidize in air to brown 
products, such as quinones and melanins, 
A purple color forms when ferric chlo- 
ride is added to aqueous solutions. The 
free base forms salts with mineral acids, 
the most important of which is the hy- 
drochloride. The salt consists of while 
crystals which are odorless and bitter to 
taste. The melting point varies between 
140-145*C. Phenylephrine is less potent 
than epinephrine or norepinephrine and 
has a longer duration of action. Its rate 
of inactivation is slower than that of 
ephedrine. It lacks central effects and 
does not sensitize the heart to hydrocar- 
bon anesthetics, Neosynephrine has an 
asymmetric carbon atom and possesses 
optical activity. The rotation is; 

la]o—46.2° 

Solutions are acid to litmus. 

Other Hydroxyphenyl Amines 
A number of other variants of epineph- 
rine are formed by shifting the hy- 
droxyl groups on the phenyl nucleus or 
the groups on the aliphatic chain or on 


the amino groups to other positions. 
Shifting the methyl group from the 
amino nitrogen atom of phenylephrine 
to the alpha carbon results in Aramine, 
The para (4) hydroxy derivative is known 
as Synephrin or Synthenate. This is iso- 
meric with phenylephrine. Shifting the 
methyl group from the nitrogen atom to 
the alpha carbon results in hydroxy am- 
phetamine (Paradrine). Shifting the 
methyl group of epinephrine from the 
amino to the alpha carbon results in 
Cohefrin (Corbasil). Converting this 
methyl group to an ethyl results in bu- 
tanephine. Converting the methyl group 
on tlie amino nitrogen to an isopropyl 
group results in isopropylarierenol. 

All the hydrophenyl derivatives re- 
spond to most of the tests characteristic 
of phenols. 

Methoxamine (Vasoxyl) and Other 
Mehioxamine Derivatives 

The methoxy group may appear on 
the phenyl group instead of the hydrojyl. 
The 2, 5 dimethoxylphenyl substitution 
on propadrine results in methojyphen- 
ylamine (methoxamine U.S.P., Vasoxyl). 
Methoxamine forms a hydrochloride 
which melts behveen 212-216®C. One 
gram dissolves in 2.5 ml. of water. 

ANTI-ADRENERGIC DRUGS 
Chemical Types 

Drugs which block adrenergic activ- 
ity exert their effect by intervening be- 
tween the effector cells and the hor- 
mones of the adrenal medulla or the 
adrenergic mediators (epinephrine and 
norepinephrine). Sometimes these sub- 
stances are referred to as adrenolytic and 
sympatholytic substances. TThese terms 
are less desirable than the term adrener- 
gic blocking agent. Substances possess- 
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ing sudi activity are both naturally- 
occurring and synthetic. TJie naturally- 
occurring substances arc derived from 
ergot. Semi-syndietic derivatives may 
also be prepared from these alkaloids 
which manifest varying degrees of block- 
ing activity or which have their side ef- 
fects attenuated. 

The first of tiie synthetic compounds 
of this type wliich were made available 
were the dioxones of which piperoxan 
(933F, Benodaine) is the better known. 
Another series is prepared from the beta- 
haloalktjlamincs. Of this group dibenzyl 
chloroethylamine (Dibenamlne) and 
phenoxyisopropyl amine (Diben^lene) 
are the most important. Another series 
consists of derivatives of imidazoline of 
which phentolamine (Regitine) and tola- 
zoline (Prlscollne) are tlie most impor- 
tant. Another group is composed of de- 
rivatives of dihenzozaphine of which 
azeptine and dibenzozane arc the most 
important. Other compounds are ex- 
tracts of Galium, Asparine and Rau- 
wolfia, the phenozyethylamines, isoquin- 
olines, etc. A detailed discussion of these 
substances is not possible here. 

Relationship of Structure to Activity 

The tertiary amino group appears 
most consistently on the molecule of all 
the useful s^mtlietic anti-adrenergic 
compounds. Quatemizalion of the nitro- 
gen atom abolishes adrenergic blocking 
activity. Presumably the haloalkylamine 
group is not essential for activity since 
the imidazoline, the diaxanes, and the di- 
benzozaphine derivatives do not possess 
this grouping and are active to the same 
degree as the haloalkanes. 

None of the blocking drugs interferes 
with the release of epinephrine or nor- 
epinephrine. They neither alter nor de- 
stroy tliese agents. Tliey have no influ- 


ence on the responses of drugs which 
directly stimulate smooth muscle. The 
blocking agent presumably becomes 
fixed at the receptor site which ordi- 
narily binds the adrenergic neurohor- 
mone. The synthetic blocking agents act 
principally at the alpha receptors. Large 
doses block the beta receptors (30-100 
times larger). The ergot alkaloids are in- 
effective at the alpha receptors but ap- 
pear to exert their effects at the beta. 
Ergonovine appears to act at the beta 
receptors. 

Excretion 

Tile ergot alkaloids are destroyed in 
the body presumably in the liver. Little 
or none appears in the urine. Dibena- 
mine is lipopliilic and remains in the 
body 18 hours or more. Its fate in the 
body is not known, but its diffusion from 
body stores is slow. 

AMINE OXIDASE INHIBITORS 

The exact counteipails to the anticho- 
linesterases found in the parasympa- 
thetic division are not k'no^vn in the 
s^mipathetic system. Amine oxidase in- 
hibitors are available but these act in the 
brain and augment the action of amines 
liberated there. Their peripheral effects 
are of no clinical importance in produc- 
ing sustained sympathetic stimulation. 
Plowever, these compounds are de- 
scribed further on in this chapter. 

DRUGS ACTING AT THE 
AUTONOMIC GANGLIA 
NEoaonoroitoNAL Action at the 
Ganglia 

The transmission of impulses from 
preganglionic fibres to postganglionic fi- 
bres at the ganglia in both the sympa- 
thetic and parasympathetic divisions of 
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the autonomic nervous system is medi- 
ated by acetylcholine. The acetylcholine 
depolarizes the cell bodies of the post- 
ganglionic neurons and tljereby initiates 
the impulse in the postganglionic fibre. 

Chemical Types of Gangliolytic 
Drugs 

Considerable attention has been di- 
rected to the study of substances which 
affect the ganglia, particularly dnigs 
which produce a block at this site. Many 
quaternary bases and some tertiary 
amines manifest ganglionic blocking ef- 
fects. Some have several actions since 
they act at several sites. Tubocurarine, 
for example, is a neuromuscular blocking 
agent for striated muscle. In large doses, 
however, it also blocks at the ganglia. 
Methantheline (Bantliine) blocks at the 
postganglionic cholinergic receptors of 
the autonomic nervous system primarily, 
but it also acts to a lesser extent at the 
autonomic ganglia. 

The drugs of chief interest which act 
on the ganglia are those which cause a 
blockade. Nictotine and acetylcholine 
both cause a blockade. The action of 
these, however, is biphasic; that is, they 
exert two effects. Both drugs first stimu- 
late, then they paralyze the ganglia. Pre- 
sumably they depolarize first and keep 
the ganglia depolarized so that the ace- 
tylcholine released from subsequent im- 
pulses fails to act. Thus, acetylcholine, 
in large doses, may also cause a block. 
Drugs which stimulate the ganglia are 
of little clinical interest and have, there- 
fore, not been studied in detail and wll 
not be mentioned here. 

Ganglionic blocking drugs have re- 
ceived wde clinical application for a 
variety of purposes but chiefly as anti- 
hypertensive drugs. Their chief use in 
anesthesia has been for decreasing the 


peripheral resistance to reduce an ab- 
normally elevated blood pressure or to 
deliberately reduce the blood pressure to 
subnormal levels to ai'oid blood loss. 
Numerous drugs have been introduced 
for their vasodilating qualities. A de- 
tailed discussion of these is beyond the 
scope of this book. Only those directly 
applicable to anesthesiology will be con- 
sidered. 

Mode of Acnov of Gaxcliolytic 
Drugs 

Most ganglionic blocking agents act 
at the receptors in the ganglia where 
acetylcholine acts. In contrast to acetyl- 
choline they block the transmission 
across the synapse without causing de- 
polarization of the neuronal cell body. 
They do not prevent the release of ace- 
tylcholine from the terminal membranes 
of the preganglionic nerves, but they in- 
hibit the stimulating action of acetyl- 
choline at this site. The action is most 
likely competitive, because higher doses 
of stimulating agents overcome the 
block. It is not surprising, therefore, to 
find a close resemblance between block- 
ing agents and acetylcholine. 

Relationship of Structure to Activity 

The majority of ganglionic blocking 
agents are quaternary bases. As early as 
1914 it was recognized the tetraethyl 
ammonium salts produced ganglionic 
block and that its effects were limited to 
this action, by and large. This com- 
pound is ammonium hydroxide with its 
hydrogen atoms substituted by ethyl 
groups (CfHs)* NCI. Methyl substitution 
appears to produce compounds ^vith 
neuromuscular blocking activity. The 
ganglionic blocking qualities of the 
melhonium compounds has been dis- 
cussed under muscle relaxants (Chap. 
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23). Tlwse in this series wluch have had 
widespread clinical use are liexametho* 
nium and pentamethonium. Shortening 
the carbon chain negates the muscle re- 
laxant properties (exemplified by Cio> 
decamethonium) and accentuates gang- 
lionic blocking effects. Ganglionic block- 
ing effects appear when acetylcholine is 
modified. Ethyl substitution on the 
amino nitrogen favors a gangliolytic ac- 
tion. Carbachol is more effective in this 
regard than melhacholine. It is not nec- 
essary that the compound have a quater- 
nary nitrogen atom to manifest a gang- 
lionic block effect, however. Procaine, 
atropine and epinephrine all possess 
some degree of gangliolytic activity 
when given in large doses. None is a 
quaternary base, since procaine and 
atropine are tertiary amines and epineph- 
rine a secondary. 

Mention has been made that other 
pentavalcnt elements may replace nitro- 
gen in tlie molecule of the "onium” com- 
pounds and the substance still produces 
myoneural blockade (Chap. 23). Presum- 
ably this also applies to the gangliolytic 
effects of these drugs. One hypotensive 
drug in widely used anesthesiology, Tri- 
meAaphan (Arfonad) contains a sulphur 
atom in tlie cationic portion of the mole- 
cule. This is discussed below. The anti- 
cholinesterases act at the ganglia in a 
manner similar to that which they exert 
at the endplate and thus inhibit gangli- 
onic transmission. These substances all 
ionize in aqueous solutions to form an 
active cation and an anion. The cationic 
head is physiologically active and is the 
one which becomes attached to the re- 
ceptor. 

Quaternary ammonium compounds 
are poorly absorbed from the gastroin- 
testinal tract. Doses administered paren- 
terally are filtered by the kidney and 


pass almost in toto into the urine. The 
distribution in blood and tissues is be- 
lieved to be similar to that of the muscle 
relaxants. Most of a given dose is dis- 
tributed to the extracellular fluid com- 
partments of the body before the kidney 
undertakes its elimination. 

TnnuCTiiAPiiAN (Arfonad) 

Tlie most extensively used of the 
gangliolytic drugs from an anesthesia 
standpoint is Trimethaphan. This sub- 
stance is an ultra short acting derivative 
with an evanescent, transient action 
wliicli gives it a degree of controlability 
not possessed by other agents. The 
structure is complex. It is built around a 
ibiophanium nucleus to which are at- 
tached at the 2 and 4 positions a 2 kelo 
imidazolido nucleus upon which are sub- 
stituted two benzyl groups, one in the 1 
position and one in the 3 position, A cy- 
cb'c trimethylene group Is attached to 
the sulphur atom of thiophanium. 

The drug is quickly metaboh’zed In the 
body. Only 2CC-40% of an injected dose 
are recovered in the urine and all of this 
within three hours after injection. 

HeXAMETnONTWI 

Hexamethonium is a white crystalline 
powder whose structure is similar to 
decamethonium, only the chain has six 
carbon atoms. It is soluble in water and 
alcohol. The base is available as the chlo- 
ride which forms acid solutions (pH 
5.5-6.5) in water. It becomes distributed 
in the extracellular fluid. As is the case 
with other quaternary bases absorption 
is poor from the gastrointestinal tract. 
It is cleared from tlie blood by the 
glomeruli. Over 90!Z of a dose may be re- 
covered in the urine within 24 hours al- 
though 60S appears within 3 hours. 
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CHEMICAL MEDIATORS, NEURO- 
HORMONES AND CEREBRAL 
METABOLISM 

Norepinephrine, acetylcholine and se- 
rotonin are organ specie substrates in- 
volved in nerve function. Acetylcholine 
and norepinephrine have been dealt with 
in the preceding discussion. Serotonin, 
however, has not been described. It has 
been postulated that two opposing sys- 
tems are present in the subcortical area 
of the brain, particularly the diencepha- 
ion which regulates autoiiomic and ex- 
tra-pyramidal motor functions. These are 
referred to as the trophotropic and the 
ergotropxc systems. The ergotropic sys- 
tem integrates functions which physio- 
logically involve body work. It increases 
sympathetic responses, increases activity 
of skeletal muscle and causes arousal of 
psychic states. The trophotropic system 
opposes the ergotropic and produces 
parasympathetic effects, a decrease in 
muscle activity and a decrease in re- 
sponse to external stimuli. The possibil- 
ity that serotonin is the neurohonnone 
of the trophotropic system and norepine- 
phrine of the ergotropic system has been 
postulated. Both substances are formed 
in the brain and stored there in bound 
form. They appear to be concentrated in 
those areas which seem to control these 
neurofunctions. 

Metabolism of Serotonin 
The precursor of serotonin is 5-hy- 
droxytryptophane. Presumably, trypto- 
phane is first hydroxylated and then de- 
carboxylated by tryptophane oxidase, a 
decarboxylase. Serotonin was isolated in 
pure form in 1948. Prior to that time the 
substance was detected by biological 
assay of its pressor effect and was re- 
ferred to as enteramine. The reason for 
this nomenclature is that the substance 


was first isolated from the certain chro- 
maffin cells found in the gastro-intestinal 
mucosa. The substance is sometimes re- 
ferred to by abbreviation of its chemical 
name as 5HT. Serotonin is an indole de- 
rivative. Its formation from tryptophane 
is represented as follows: 



CH2-CH— COOH 
I 

NHj 




-CHj— CH— COOH 


HO 


-CH:— CHr-NH, 


Serotonin is stored in the tissues in an 
inactive, bound form. Free serotonin 
may be released in vivo. Serotonin is 
found, as has been indicated, in the 
brain, the gastro-intestinal tract and in 
blood. The serotonin in blood is found in 
the platelets from which it is released 
when they disintegrate. The highest con- 
centration in the brain is found in the hy- 
pothalamus. Other areas which have an 
abundance are the area poslrema, mes- 
encephalon, nuclei of gracilis and cune- 
alus, floor of the fourth ventricle and 
grey matter of the cord. The cerebral 
cortex and white matter contain little or 
no serotonin. The normal serum level is 
approximately 0.1 microgram per ml. 

Serotonin is inactivated by monamine 
o.xidase to 5 hydro.xyindol acetic acid: 
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This oxidase occurs in tlie brain. Evi- 
dence of decarboxylic activity by which 
serotonin is formed from its precursors 
is also found in the brain although the 
kidney, gastro-intestinal tract and liver 
have high activity also. 

Effects on Brain Function 
The hj'pothesis that autonomic, so- 
matic and psychic functions are main- 
tained in a balanced stale by opposing 
systems has some appeal. It helps ex- 
plain the effect of psychotherapeutic 
agents and changes in behavior induced 
by these agents. Reserpine, for example, 
stimulates tlie trophotropic system. 
Chlorpromazine blocks the ergotropie 
system. Reserpine interferes with the 
metabolism of serotonin and impedes 
the ability of the brain to store serotonin. 
The cells can no longer bind the amine. 
The synthesis is not impaired, however. 


Chlorpromazine acts as an antiadrenergic 
substance in the brain and blocks the 
action of norepinephrine. 

Brodie postulates tliat a drug may 
block the trophotropic system, and, in 
this manner, accentuate ergotropie ef- 
fects or it may stimulate the ergotropie 
system. Certain indoles, as, for example, 
lysergic acid diethyl amide, are believed 
to interfere with the action of serotonin 
at the synapses. Many ergotropie agents, 
on the other hand, are congeners of nor- 
epinephrine which penetrate the brain 
easily. Tliey act at ergotropie synapses. 
Compounds, such as mescaline, amphet- 
amine and desoxyephedrine act in this 
manner. Much of this is conjecture and 
additional data is necessary to conclu- 
sively clinch this postulate as actual fact. 
Such data are not available at the mo- 
ment. These findings also suggest that 
mental disease has a chemical basis. 
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Neuromuscular Blocking Agents 


SITES OF ACTION OF 
MUSCLE RELAXANTS 

T I£e use of skeletal muscle relexants 
as adjuncts to anesthesia is com- 
monplace. Muscle relaxation is caused 
by inactivation of a muscle fibre. A mus- 
cle is composed of a multitude of indi- 
vidual fibres. The degree of relaxation of 
a muscle depends upon how many indi- 
vidual muscle fibres are inactivated. A 
variety of drugs may cause this inactiva- 
tion. Skeletal muscle relaxants act at one 
or more of the following sites: (1) Cen- 
trally at the motor neurons or their ^- 
apses in the cerebrum or the basal gang- 
lia, (2) at the synapsis of motor pathways 
to the anterior horn cells in the spinal 
cord, (3) on the motor nerve fibres them- 
selves as they leave the cord (4) at the 
myoneural junction (neuromuscular syn- 
apse) and (5) on the muscle fibre itself. 
General anesthetics, sedatives, and anti- 
convulsants produce their effects by act- 
ing centrally in the brain. Mephenesin, 
zoxazolamine and meprobamate are rep- 
resentative of drugs which decrease the 
frequency of impulses passing over the 
intemuncial neurons to the motor cells 
in the spinal cord. Local anesthetics 
block the transmission of impulses along 
the nerve fibres. Neuromuscular blocking 
agents, such as curare and its allies, exert 
their effects at the neuromuscular jimc- 
tion. Quinine is an example of a drug 
which exerts part of its relaxing effect by 
acting directly on the muscle fibre. It 


suppresses activity by prolonging the re- 
fractory period. 

The drugs which have been found to 
be most useful as adjuncts to anesthesia 
exert their effects at the neuromuscular 
junction. Therefore, this discussion will 
be limited to compounds which act at 
this site. 

BIOCHEMICAL ASPECTS OF NEURO- 
MUSCULAR AcnviTy 

In order to understand the relation- 
ship of chemical structure of relaxants to 
pharmacologic behavior it is necessary to 
briefly review the biochemical aspects of 
neuromuscular transmission. 

The Myoneural Junction 

The nerve impulse is an electrical cur- 
rent (action potential) which originates in 
the anterior horn cell and passes along 
the axone to the muscle fibre. A neuron 
is a biological unit designed for trans- 
mission of stimuli from one cell to an- 
other. The terminal portion of the axone 
merges into the sarcoplasm of the mus- 
cle fibre. The portion of the neural mem- 
brane at the termination of the axone 
which faces the muscle fibre is called the 
terminal membrane (Fig. 1.23). Overly- 
ing the muscle fibre beneath the terminal 
membrane is a specialized membrane 
known as the post-junctional membrane. 
The terminal membrane, thus, faces the 
post-junctional membrane. This area of 
union of nerve and muscle is referred to 
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Fic. 1.23. SchentaUc representation of the resting endplate. Note that the 
postjunctional membrane is polarized. (Courtesy of Francis Foldes.) 


fts the end plate. The terminal membrane 
and the post-junctional membrane, are 
separated by a space referred to as the 
subneural space. The post-junctional 
membrane is permeable to various ions 
most important of which, as far as this 
discussion is concerned, are those of so- 
dium and potassium. This permeability 
Is not necessarily limited to these two 
ions, however. As a result of the semi- 
permeability, differences in concentra- 
tion of ions develop which create an 
electrical imbalance and a difference in 
polarity between the exterior and the in- 
terior of the post-junctional membrane. 
Tlie interior aspect of the post-junctional 
membrane faces the muscle fibre; the ex- 
terior faces the end of the axone. Poring 
the resting phase of a muscle-nerve 
preparation the exterior of the post- 
junctional membrane is positively 
charged while the interior is negatively 
charged. A membrane in this state is 
said to be polarized. This difference in 
polarity is due to the preponderance of 
potassium ions at the interior surface 


and sodium ions on the exterior of the 
membrane. The electrostatic difference 
in potential in mammalian muscle be- 
tween the exterior and the interior of the 
membrane is approximately 90 millivolts. 

Depolarizathn 

The nerve impulse causes the libera- 
tion of acetylcholine when it arrives at 
the terminal membrane. Acetylcholine, 
presumably, normally is bound or ad- 
sorbed to the proteins in one of the 
membranes. Wlrether or not it originates 
from the protein of the axone or that of 
the post-junctional membrane is not defi- 
nitely established. Immediately upon re- 
lease it is adsorbed to tlie proteins in the 
cholinergic receptors of the post-junc- 
tional membrane. Whether or not the 
electrical impulse jumps the subneural 
space and causes the liberation of acetyl- 
choline at the post-junctional membrane 
or whether the acetylcholine is released 
at the terminal membrane of tlie nerve 
fibre and passes through the subneural 
space to the post-junctional membrane 
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is a debatable point. The acetylcholine 
alters the molecular configuration of the 
proteins in the post-junctional mem- 
brane. This in turn results in a change m 
permeability. This altered permeabih'ty 
makes possible the migration of potas- 
sium ions outward and sodium ions in- 
ward. This interchange of ions initially 
causes a decrease and then a disappear- 
ance in the negativity of the electrical 
charge in the interior of the post-junc- 
tional membrane. The decrease of nega- 
tivity towards zero is referred to as de- 
polarization. The negativity of the elec- 
trostatic potential may not only be re- 
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duced to zero, but, the ionic migration 
may be such that the charge on the in- 
terior of the post-junctional membrane 
may even become positive. As long as 
the potential does not decrease below 
minus 45 millivolts all the electrical ac- 
tivity remains localized at the end plate. 
The range of negativity between minus 
90 to minus 45 millivolts in referred to 
as the end plate potential (Fig. 2.23), As 
the potential falls below this critical 
level of minus 45 millivolts the electrical 
activity spreads to the parts of the mus- 
cle fibre adjacent to the end plate and 
sets up electrical activity Jojo^vn as the 



TIME IM MILLISECONDS 


Fic. 2 23. E P P endplate potential; A P action potential; 
O S overshoot. EHie to the release of acetylcholine by the 
nerve impulse at the endplate at zero time the endplate po- 
tential is generated and in about 0.2 milliseconds the resting 
membrane potential of the endplate (—90 millivolt) decreases 
to —45 millivolts. When this critical level is reached the po- 
tential change, from here on teimed action potential, becomes 
propagated, within another 0.2 milliseconds overshoots and 
becomes electro-positive (-1-15—20 nuUivolts). Within the ne.xt 
2 to 3 milliseconds the endplate becomes repolarized and 
when the polarization process is almost complete the contrac- 
tion of the muscle fiber starts. (Courte^’ F. Foldes, Muscle 
Rclaxantf in Anesthesiology. Springfield, Thomas, 1957.) 
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action potential. This action potential 
causes the muscle fibre to contract Tlie 
membrane potential usually ooershoots 
zero and becomes positive to a magni- 
tude of plus 30 millivolts. The exterior of 
the membrane, of course, becomes nega- 
tive when this happens. 

liepolarization 

Depolarization occurs very rapidly. 
The lime necessary for depolarization 
ranges between 0.2 to 0.4 milliseconds. 
Tlie end plate remains depolarized be- 
tween 0.2 to 0.3 milliseconds. During this 
interval of time the acetylcholine is hy- 
drolyzed to acetic acid and choline by 
an enzyme knorni as acetylcholine ester- 
ase (true cholinesterase). This enzyme is 
present in tlie junctional membrane. As 
this hydrolysis occurs the permeability 
of the junctional membrane is restored 
to that of the normal resting stale. Tlie 
potassium Ions return inward and the 
sodium outward as tlie permeability is 
restored. The membrane potential first 
drops to zero from 30 millivolts positive 
and then shifts to negative and becomes 
increasingly negative until it is restored 
to the 90 millivolts difference. The exte- 
rior once again becomes positive. The 
membrane is then said to be repolatized. 
It is then once again ready to receive the 
ne.tt burst of acetylcholine liberated by 
the ensuing nerve impulse. 

The muscle fibre does not coutract 
immediately upon depolarization of the 
membrane. Instead, there is a lag of 2 to 
3 milliseconds before contraction of the 
fibre commences. Thus, tlie repolariza- 
tion of the end plate is completed by the 
time the fibre begins to contract. 

The Role of Acetylcholine in 
NE nmoMuscuLAn Transmission 

The acetic acid and choline recombine 
to form acelj’lclioline. Tliis resymthesis is 


aided by a second enzyme known as 
choline acetylase. Presumably different 
proteins are present in the end plate to 
which acetylcholine is adsorbed or 
bound at one time or another during the 
processes of depolarization and repolari- 
zation. In the resting phase acetylchoUne 
is stored by being bound to one of these 
proteins from which it is leleased by the 
neural impulse. After release it is next 
bound to a second one in the end plate, 
known as the cholinergic receptor, after 
which depolarization occurs. A third 
protein is associated with the foremen- 
tioned choline acetylase which facilitates 
the resynthesis of acetylclioline from the 
acid and choline. Interference with the 
enzymatic hydrolysis of acetylcholine 
causes sustained depolarization. The 
rapid removal of acetylcholine is man- 
datory for repolarization and continued 
activity in a muscle fibre. 

It is obvious from the foregoing dis- 
cussion that fiaccidity of skeletal muscle 
develops if an agent (1) interferes with 
the transmission of a nerve impulse or 
(2) interferes with the liberation of ace- 
tylchoUne, or (3) interferes with de- 
polarization and repolarizalion of the 
end plate, or (4) depolarizes the mem- 
brane and keeps it depolarized. Procaine 
applied to an axone prevents transmis- 
sion of the impulse along tlie axone. 
Bolulinus toxin, procaine, and the hemi- 
choliniums cause a reduction of the out- 
put of acetylcholine at the terminal 
membrane and, thus, inhibit activity 
Tliese act pre-synaptically. Curare and its 
pharmacologic congeners interfere witli 
depolarization or repolarization or both. 
Decamethonium causes persistent de- 
polarization. They act post-synaptically- 
The last two types of agents are grouped 
together and called neuromtiscular 
blocking agents. This group is the one of 
interest in anesthesiology. 
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TABLE 1.23 
H 

H— N— H 

i\. 

Amtnonium Chloride 
C,H. 

CsHs— N— CiH, 

Tetra Ethyl Ammonium Chloride 
O R H Cl CH, 

CHr-J?— o— c— i— 

H H CR, 

Acetyl Choline Chloride 

CH. A" CII, 

CH^N-(OH,).— IMH, 

CH.^ ^CH. 

Blsmethonium Compounds 

n «• 6 * Hexamcthonium 
n “ 5 ■ Pentamethonium 
n - 10 «■ Decamethonuim 
(A« - 14) 

MECHANISM OF NEURO- 
MUSCULAR BLOCKADE 
Acetylcholine is a quaternary base 
(Chap. 22), A quaternary base is ammo- 
nium hydroxide with one or more of its 
hydrogen atoms replaced by an organic 
radical (Table 1.23), Numerous choline- 
like quaternary bases exist. On close in- 
spection it is noted that they act in a 
manner similar to acetylcholine but with 
varying degree of intensity. Examina- 
tion of other quaternary bases not re- 
lated to choline reveals that they too 
exert some action at the myoneural junc- 
tion. Examination of the chemical struc- 
ture of muscle relaxanls reveals that the 
majority are quaternary bases. The bases 
which show activity differ from acetyl- 
choline and do so in Uvo respects: (1) 
they are not hydroI)'zed or if they are 
the breakdoNvn occurs slowly compared 


to that of acetylcholine or (2) they are 
bound preferentially, and with greater 
tenacity than acetylcholine, to the pro- 
teins of the cholinergic receptors. 

From the standpoint of pharmacologic 
behavior two groups of neuromuscular 
blocking agents are recognized. In the 
Brst group are substances which are ad- 
sorb^ to the cholinergic receptors and 
prevent acetylcholine from exerting its 
depolarizing effect. Tliese are called 
non-depolarizing agents. They them- 
selves are incapable of depolarizing the 
junctional membrane. Their action is a 
restraining one. Acetylcholine continues 
to form but the drug prevents it from 
acting at the end plate. Such substances 
act by the mechanism referred to as 
competitive inhibition (Chap. 24). Some 
evidence exists that they may reduce the 
degree of depolarization. For this reason 
the term anti-depolarizers has been pro- 
posed as being more descriptive. They 
apparently form a more stable and per- 
sistent union with the protein in the re- 
ceptors. In the second group are sub- 
stances which cause persistent depolari- 
zation of the post-junctional membrane. 
These are referred to as depolarizing 
agents. Some quaternary bases exert a 
dual effect. They depolarize under cer- 
tain circumstances and they block ace- 
tylcholine under others. Substances 
whidi cause neuromuscular blockade by 
either or a combination of these two 
mechanisms are sometimes referred to 
as curaremimetic substances. 

CvnABEMIMETIC SUBSTANCES 

Curare is the oldest known muscle re- 
laxant. The active principles of curare 
are alkaloids which are complex quater- 
nary bases. Numerous sjuthetic muscle 
relaxants have recently been introduced. 
Ail of these, likewise, are quaternary 
bases. 
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Quaternary Bases 
The most important and the most ex- 
tensively studied of the curare allcaloids 
is titbocurarine. The molecule of tiibo- 
curarine carries two quaternary nitrogen 
atoms. The presence of quaternary nitro- 
gen atoms on tubocurarine focused at- 
tention on the quaternary bases as a 
group and lead to the finding that many 
cations derived from quaternary bases 
are capable of causing curare-like block- 
ade of neuromuscular transmission. Bar- 
low and Ing were prompted to test a 
series of substituted ammonium com- 
pounds for neuromuscular blocking ac- 
tivity. They found tliat the alkyl substi- 
tuted derivatives, particularly, showed 
some degree of curaremimeb'c activity. 
In many instances, though, the action is 
too feeble to be clinically effective. In 
addition to the neuromuscular blocking 
effect, many quaternary bases inhibit 
synaptic transmission in the autonomic 
ganglia. Tetraethylammonium chloride 
(Table 1-23), one of the simpler of the 
quaternary ammonium compounds, and 
most of its homologues, are ganglionic 
blocking agents. They behave like nico- 
tine in this respect. Quaternary bases, 
therefore, have a dual effect. Tliey cause 
both neuromuscular and autonomic 
blockade. Melhylalion of a quaternary 
base imparts a depolarizing activity to 
the compound, particularly to one of the 
non-depolarizing type. Interchanging 
methyl groups for ethyl groups on such a 
compound reduces curaremimetfc activ- 
ity but retains or enhances ganglionic 
blocking effects. 

“Onium” Compounds 
Further study showed tlial tlie nitro- 
gen atom is not essential for neuromus- 
cular blocking activity of a quaternary 
base. Other elements having a valence of 


5, such as arsenic, phosphorus and so on 
which can form alkyl substituted qua- 
ternary bases in the same manner as ni- 
trogen are likewise effective. Series of 
compounds formed from pentavalent 
elements including nitrogen are referred 
to as onium compounds. Phosphorus 
forms phosphonittm derivatives, arsenic 
arsonitim, antimony stihonium, sulphur 
Sidphonium and iodine iodonium salts. 
Although "onium” compounds derived 
from these elements are pharmacologi- 
cally similar to those derived from nitro- 
gen none has any clinical applicability 
because they possess other (side) effects 
which are objectionable. Apparently this 
muscular blocking effect is characteris- 
tic of onium derivatives as a class. 

Salts of Quaternary Bases 
The onium compounds are bases and, 
therefore, form salts witii acids in the 
same manner that ammonium hydroxide 
forms salts xvith an acid. The salts ionize 
to a basic cation, which is the counter- 
part to the ammonium ion, and an anion, 
which is derived from the acid portion 
of the molecule. This ionization is simi- 
lar to that of ammonium salts and is rep- 
resented as follows: 

.NTI,Ci-*NH,+ -t-Cl 

Nll,Cl 4* Cl 

The onium ions are positively charged. 
Ing and Wright (1932) noted that cura- 
remiraetic activity is a function of the 
onium ion and is independent of the 
groups attached to the central atom and 
of the central atom itself as long as this 
atom has a central localized positi\’e 
charge. This element making up the cen- 
tral atom may be any of the foremen- 
tioned pentavalent atoms. The nitrogen 
atoms in tubocurarine are attached to 
cyclic structures which establishes a dis- 
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tance of 12.5 A® beUveen them. It be- 
came apparent in studying compounds 
with curaremimetic activity that deriva- 
tives having two quaternary nitrogen 
atoms at a distance of approximately 
15 A® showed the greatest degree of 
curaremimetic activity. This prompted 
the preparation of compounds of sim- 
plier molecular configuration. It also led 
to attempts to imitating the structure of 
tubocurarine. 

Internubogen Distances and Activity 
Barlow and Ing centered their interest 
in the blocking activity of a number of 
onium compounds in which the nitrogen 
atoms were directly attached to the ter- 
minal carbons of polymetliylene chains 
of different lengths. The term poly- 
methylene refers to a straight chain com- 
posed of a series of carbon atoms (CH» 
groups). The neuromuscular blocking 
potency was greatest when each quater- 
nary nitrogen atom was separated from 
the other by a chain of ten carbon atoms 
and when each nitrogen atom had three 
methyl groups (Table 1.23). Synthesis of 
the polymethylene series verified the fact 
that the selectivity of action of quater- 
nary bases at the neuromuscular junction 
depended upon the separation of the 
nitrogen atoms at some optimal distance 
and that this distance, roughly speaking, 
is 14 or 15 A® or a distance of ten carbon 
atoms in a chain. An inter-quatemary 
distance of 15 A® is not a mandatory re- 
quirement for adequate neuromuscular 
blockade, however. Compounds exist 
manifesting curaremimetic activity 
whose inter-nitrogen distances are more 
or less than 15 A®. The distance between 
the two nitrogen atoms of tubocurarine 
is 12.5 A® and not 14. Tubocurarine 
causes a longer lasting blockade than 
decamethonium, the ten carbon poly- 


methylene derivative, which has an inter- 
nitrogen distance of 14 A®. 

The Methonium Derivatives 

It seems that curaremimetic activity 
is optimal when methyl substituted qua- 
ternary bases are separated 12-15 A® 
apart. A series of polymethylene bis tri- 
methyl ammonium salts whose chain 
length varies from t\vo to eighteen car- 
bon atoms has been prepared and their 
pharmacologic effects studied. The ge- 
neric term methonium is used to desig- 
nate these straight chain compounds. In 
this series the Greek prefix (deca, hexa, 
etc.) placed before the word methonium 
designates the number of carbon atoms 
intervening between the two nitrogen 
atoms. The term “bts” placed before the 
name of the compound refers to the fact 
that two nitrogen atoms are present on 
the molecule. The better known com- 
pounds in this series are bis-penta- 
methonium, bis-hexamethonium and bis- 
decamethonium (Table 11.23). These are 
often referred to as C5, C6 and CIO re- 
spectively. In addition to vaiying de- 
grees of autonomic, ganglionic and mus- 
cle blocking activity methonium com- 
pounds exert a muscarine-like effect, a 
stimulating action on smooth muscle, an 
ability to contract skeletal muscle di- 
rectly, an anti-acetylcholine esterase 
activity and even an anti-bactericidal 
action. The potency, selectivity of action 
and the multiplicity of pharmacologic 
effects is determined by the length of the 
carbon chain. The 10 carbon compound 
is the most potent as far as neuromuscu- 
lar blocking activity is concerned. Gan- 
glionic blocking effects are most pro- 
nounced with the five and six carbon 
compounds. Compounds with 12 carbon 
atoms appear to exert the greatest mus- 
carinic activity. Those Nvith eighteen car- 
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bon atoms seem to have the greatest sur- 
face tension effect. 

The total number of carbon atoms is 
not the dominant factor in determining 
pharmacological activity unless it relates 
to the inter-quatemary distance. The 
total number of carbon atoms in lubo- 
curarine exceeds ten, numbering 20, yet 
the inter-nitrogen distance is only 12.5 
A*. The carbon atoms in tubocurarine 
are arranged in a cyclic fashion. A 6 car- 
bon ring may actually separate the atoms 
the distance of three carbon atoms in a 
chain. Thus, even though there are more 
than ten carbon atoms in the numerous 
complex alkaloids found in the curares 
the rings maintain the quaternary nitro- 
gen atoms at the optimum distance. 

Other synthetic muscle relaxants not 
of the methonium type have the same 
characteristics in regards to possessing 
two quaternary nitrogen atoms. The 
more important of these are benzoquino- 
nium (hlytolon), succinyl clioline, suxe- 
thonium and laudexium (laudolissin) 
(Table 11.23). The inter-nitrogen distance 
in these, likewise, varies from 12 to 14 or 
15 A®, even though the carbon atom 
arrangement is not necessarily a straight 
chain. However, if their molecules are 
visualized in a three dimensional plane 
it is possible to conceive that the inter- 
nitrogen distance is 15 A®. Laudexium, 
which has the nitrogen atoms attached 


to cyclic structures are separated by a 
decamethylene chain. These substances 
are discussed individually later. The 
greatest potency is most frequently asso- 
ciated with mono and di-quatemary 
compounds, however. The presence of 
more than two nitrogen atoms appears 
to reduce curaremimetic activity. There 
are exceptions, however. Galiamina is 3 
tri*quatemary base; yet it is remarkably 
potent. 

Non-Quaternary Curaremimetics 
Exceptions may also be cited to the 
generalization that the curaremimetic ac' 
tivity is associated with quaternary 
bases. A number of non-quatemaiy alka- 
loids exist which possess curaremimetkJ 
activity. Erythroidine, an alkaloid ir» 

in spite of the fact tliat it possesses a 
single tertiary amino group and no qua- 
ternary ammonium nitrogen. Conversion 
of a quaternary base to an amine nullifies 
its curaremimetic activity. Conversion of 
an amine to a quaternary base confers 
upon a compound certain degrees of 
curaremimetic activity. Quaternary de- 
rivatives of quinine, pyridine, isoquino- 
line and various tropine alkaloids mani- 
fest curaremimetic activity. 

Changes dj thi: Me.mbrane at the 
Molecular Level 

Although considerable data has been 
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accumulated concerning the makeup 
and behavior of tlie post-junctional 
membrane, little is known concerning its 
chemical components and how they are 
arranged. Ample data relating to the 
electrical capacity, thickness, impedance, 
rate of polarization and depolarization 
of the membrane are available. TI>e 
changes occurring at the molecular level 
during repolarization and depolarization 
at the time of this writing remain vir- 
tually unknown, however. The chemical 
nature of the cholinergic receptors at tlie 
end plate is unknown. How tliese re- 
ceptors are altered by acetylcholine, the 
muscle relaxants and other agents, like- 
wise, is not understood. Recently work- 
ers in this field have been employing 
agents labeled with radioactive isotopes 
for studying the behavior of relexants at 
the membrane. Non-depolarizing drugs 
have been labeled witl\ C‘*i depolarizing 
drugs with C'* or Tubocurarine may 
be converted to the dimethyl ether which 
is then tagged with radioactive methyl 
Iodide. Methylated curarine and galla- 
mine tri-iodide may be tagged with radi- 
oactive iodine, Decamelhonium may be 
tagged \vith C“. With these techniques 
it has been possible to obtain some data 
on the locus of action, the diffusion itself 
and changes in concentration at various 
sites. 

Bonding of the Relaxant 
AT THE Receptor 

It has been determined, by using iso- 
topes, such as these, that the combina- 
tion which occurs between the relaxant 
and the receptor in the membrane is 
due to ionic bonding. Whatever com- 
bination occurs is reversible and under- 
goes dissociation. Tlris it would not do 
if the union were by covalent bonding. 
A positive ion is invariably assfKuated 


with neuromuscular blocking activity. It 
has been proposed that the mechanism 
may be similar to the one which takes 
place in an ion exchange resin arrange- 
ment. In such an arrangement the resin 
holds, by ionic bonding, a particular ion. 
This ion can be exchanged for another of 
like charge which is present in the media 
surrounding it, The electrical polarity 
of the nucleus of the exchange resin re- 
mains the same. Tire ion wliich is ex- 
changed has the same charge as the one 
which is displaced. The quaternary basic 
ion is exchanged for anotlier ion of simi- 
lar charge, possibly potassium. Tubo- 
cunarine produces no detectable electri- 
cal disturbance when applied to the end 
plate with a micropipette. This behavior 
strongly suggests that an exchange 
process occurs. 

Ciiexhcal Natviu! of the Receptor 
Studies using radioactive isotopes also 
reveal that drugs so labeled are bound 
to non-dilTusable macro-molecular com- 
ponents. Tliere appears to bo a prefer- 
ential uptake of quaternary bases at the 
end plate. Heretofore, it was assumed 
that the receptor substances were pro- 
teins. Recent data indicates that this 
may not be so and that the receptor may 
be a complex amino polysaccharide. Evi- 
dence also exists that the tissues contain 
negatively charged substances which are 
capable of binding positive quaternary 
ammonium ions. The strength of the 
bond between the ionized relaxant and 
the receptor is unknoum. Whether or not 
some relaxants are held more firmly than 
others is not definitely known. 

DisTiUBirnoN at the End Plate 
The rate of curarization and recovery 
is influenced by the ability of the various 
drugs to diffuse in and out of the re- 
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ceptor substance. The plasma concentra- 
tion reaches its peak \vithin several min- 
utes after an intravenous administration 
of a muscle relaxant. The relaxant then 
diffuses from the plasma to various parts 
of the extracellular fluid compartment. 
Quaternary bases unlike amines pene- 
trate epithelial barriers with difficulty. 
For this reason they are poorly absorbed. 
They penetrate the neuromuscular mem- 
brane wth ease, however. The end plate 
has a higher content than any other 
tissue after injection is complete. A dis- 
tribution equilibrium is ultimately estab- 
lished bet^\'ee^ the vascular space and 
extracellular fluid compartments. Paraly- 
sis develops when the concentration nec- 
essary to produce a block penetrates 
the membrane of the end plate. The 
fraction of the relaxant taken up by the 
end plate is quickly adsorbed to the re- 
ceptor substance. The maximum tissue 
concentrations in other parts of the ex- 
tracellular compartment are reached 
much later than at the end plate. They 
vary for each relaxant. Maximum tissue 
(other than neuromuscular) concentra- 
tions of d-tubocurarine are not reached 
for at least an hour, even though paraly- 
sis becomes established within four 
minutes and is over within twenty. Little 
of tlie d'tubocurarine is excreted or de- 
composed in the body while the block 
is in progress. The drug is not destroyed 
at the receptor site. The neuromuscular 
block, therefore, is terminated by a re- 
entry of the drug from the end plate 
into the plasma. This comes about when 
the concentration of muscle relaxant in 
the plasma is reduced by excretion, de- 
composition, hydrolysis or storage in 
other tissues. The drug is still present in 
the plasma but at lower concentration 
than at the end plate but at a higher one 
than in other tissues. The drug, there- 


Blocking Agents 481 

fore, continues to pass into these tissues 
where it causes no physiological change. 

Effect of Blood Flow 
The degree of curarization not only 
varies with the distribution, excretion 
and metabolism of the relaxant but also 
\vith the state of the curarization, degree 
of hydration, electrolyte balance, body 
temperature and so on. The end plate is 
well supplied with blood. Increasing the 
blood flow increases the rate of onset of 
the blockade and rate of recovery from 
a muscle relaxant. Vasoconstriction 
caused by cold slows the onset and pro- 
longs the duration in the case of both 
depolarizing and non-depolarizing drugs. 
Tubocurarine and most “onium” com- 
pounds are stable in all tissues including 
muscle tissues. They are not easily de- 
stroyed by oxidaUon or hydrolysis. They 
pass through renal epithelium with 
more ease than they do other areas. 
Therefore, a greater portion of a given 
dose is found unchanged in the urine. 

Effect of Molecular Shape 
Curaremimetic substances have been 
classed by Bovet as -pachycurares and 
leptocurares according to their molecu- 
lar bulk. The molecules of the leptocu- 
rares are relatively slender compared to 
those of the pachycurares. The latter 
have a broader molecule due to the 
pressure of cyclic groups. The lepto- 
curares, therefore, diffuse readily 
through the membrane into the muscle 
fibre in contradistinction to the pachy- 
curares. They act like acetylcholine and 
depolarize the membrane. Succinyl cho- 
line and decamethonium have slender 
.molecules of small diameter and are, 
therefore, leptocurares. Tubocurarine, 
laudixium and gallamine are pachycu- 
rares. The quatemarj' nitrogen atoms are 
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separated by cyclic structures which arc 
responsible for the broad molecule. They 
remain outside the membrane and be- 
come attached to the cholinergic re- 
ceptors thereby interfering with the de- 
polarizing effect of acetylcholine. De- 
polarization type of block is more fre- 
quently associated with the leptocurares 
while non-depolarizing block is observed 
more frequently with tlie pachycurares. 
This difference in molecular configura- 
tion may help explain the marked species 
variations encountered with the relax- 
ants. A given compound may produce a 
depolarizing block in one species and 
an anti-depolarizing block in another. 
The behavior of the pachycurares is more 
uniform and less subject to the various 
species variations. More variations in be- 
havior are found among the leptocurares. 
Tubocurarine does not readily penetrate 
into the muscle fibre. Tubocurarine in- 
hibits contraction when introduced di- 
rectly Into the muscle fibre with a micro- 
pipette technique. It then produces a 
depolarizing type of block. Ordinarily 
it is found bound to the receptor at Uie 
surface of the cell where its action is 
of the non-depolarizing type only. De- 
camelhonium, on the other hand, pene- 
trates into the cell and causes depolari- 
zation. 

Variations in Types of Muscle 
Anotlier factor responsible for tlie vari- 
ability of data obtained in studies of 
neuromuscular block is that curaremi- 
metic activity varies according to the 
type of muscle being studied. Some 
muscle fibres are innervated 1^ small 
nerve fibres and some by large, "nie re- 
sponse to relexants varies with the two 
types using the same drug in the same 
species. The rectus abdominus of the 


frog, for instance, is innervated by the 
small type nerve fibres. A tetanizing 
effect results when muscle fibres of this 
type are treated with acetylcholine. Tlie 
sartorius muscle in the same species, on 
the other hand, is innerv’ated by larger 
fibres. It responds to acetylcliob’ne with 
a single twitch. Red muscle and white 
muscle are also affected in different 
ways. In the cat white muscle is more 
sensitive to decamethonium than red. 
The chemical significance of this has not 
been established. 

Anti-curare AcrrvrrY 
Tlie junctional membrane fails to re- 
polarize if acetylcholine accumulates at 
the end plate. Certain substances, re- 
ferred to as ontl-cholinesterases, inhibit 
the hydrolytic action of acetylcholine 
esterase thereby causing acetylclioline to 
accumulate at the end plate. Tlie accu- 
mulated acetylclioline, in accordance 
%vitli the mass action law, displaces the 
relaxant from the receptor and re-estab- 
lishes transmission, Anti-chob’nesterases 
may, therefore, be of value as antagonists 
to non-depolarizers. Other quaternary 
bases, sucli as decamethonium and sue- 
cinyl choline depolarize the junctional 
membrane in the same manner as does 
acetylcholine. The initial response on 
contact with the junctional membrane 
is an excitation which causes a twitch of 
the muscle fibre similar to that produced 
by acetylcholine. These substances re- 
main in contact with the membrane 
longer than acetylcholine or they pene- 
trate into the cell. Their destruction or 
removal is much sloxver than that of 
acetylcholine. Therefore, after the exci- 
tation a flaccid state of the muscle de- 
x'elops wliich persists for a longer period 
of time than it does with acetylcholine. 
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Protection of acetylcholine by anti- 
cholinesterases results in an additive 
effect and enhances the depolarizing 
effect of these drugs. Therefore, anti- 
cholinesterases extend the action of drugs 
such as decamethonium, succinyl cho- 
line and other non-depolarizers. 

The best known of the anti-cholines- 
terases are eserine (physostigmine), neo- 
stigmine and edrophonium (Tensilon) 
(Chap. 22). Eserine is a tertiary amine 
while neostigmine and edrophonium are 
quaternary bases. They differ in their 
molecular configuration from the relax- 
ants in being aromatic compounds. Alkyl 
esters of phosphoric acid, as for example, 
hexaethyl phosphoric acid also possess 
anti-cholinesterase activity. It is believed 
that their action is irreversible because 
they act by phosphorylating the enzyme 
by attachment of an alkyl phosphate 
radical by a strong covalent bond. Eser- 
ine, edrophonium and neostigmine do 
not. The types of and mode of action of 
the anti-cholinesterases are given in more 
detail in Chapter 20. 

Anti-cholinesterases fail to reverse the 
action of non-depolarizers at times. There 
are a number of reasons why this occurs. 
Tubocurarine antagonism is maximal 
when an anti-cholinesterase completely 
inhibits the enzyme. Increasing the con- 
centration of anti-cholinesterase beyond 
this point is of no benefit. In fact it may 
be detrimental if the anti-cholinesterase 
is a quaternary base because it may aug- 
ment the action of tubocurarine. The end 
plates may lose their sensitivity to acetyl- 
choline in which case transmission is not 
re-established. An excess accumulation 
of acetylcholine may result and produce 
an acetylcholine block. A slowly rever- 
sible or pathological fixation at the end 
plate may also result in failure of Uie 


drug to act. Cooling antagonizes non- 
depolarizing block by increasing the ac- 
tivity of acetylcholine, while it does not 
influence depolarizers in this regard. 

Effect of Electrolytes 

Sodium and potassium ions are found 
in myoneural tissues. Sodium is found 
mostly in the extracellular tissues; po- 
tassium in the intracellular. Neuromus- 
cular activity is associated Nvith inward 
diffusion of sodium and outward diffu- 
sion of potassium. At rest the concentra- 
tion is maintained despite the gradients 
which are established by each ion on 
their respective sides of the membrane. 
Addition of potassium chloride to a mus- 
cle nerve preparation results in depolari- 
zation and contraction. 

Potassium 

The potassium ion, therefore, would 
be an antagonist to tubocurarine. How- 
ever, it is not used clinically because it 
causes undesirable side effects in addi- 
tion to the antagonism. The depolarizing 
effect of the end plate potential by potas- 
sium is exerted largely on the membrane. 
Epinephrine causes an increase in po- 
tassium which may cause antagonism to 
curare. Potassium ion also causes changes 
in other parts of the muscle fibre which 
are not fully understood. An excess of 
potassium ion also causes the liberation 
of acetylcholine which also antagonizes 
the tubocurarine. 

Sodium and Calcium 

A decrease in sodium ion concentra- 
tion at the end plate reduces the size of 
the end plate potential. The results ob- 
tained may be due to alterations beyond 
the membrane also. Lowering the cal- 
cium ion concentration also decreases 
the end plate potential. 
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Calcium and Magnesium 
The decrease in calcium ion concen- 
tration is followed by a decrease in 
acetylcholine output at the nerve ending 
which in turn causes irritability of the 
post-junctional membrane and spon- 
taneous depolarization. This results in 
tetany. An alhalemia of sufficient inten- 
sity to cause a decrease in calcium ions 
does likewise. An increase in calcium has 
a stabilizing effect on the membrane and 
prevents the depolarization effect of po- 
tassium ions, presumably the calcium 
causes an increase in acet)’IchoIine pro- 
duction at the nerve endings which in 
turn causes the stabilization. A decrease 
in calcium makes the membrane more 
labile to the effects of potassium. An 
increase in magnesium causes a neuro- 
muscular block. Magnesium and calcium 
ions are mutually antagonistic. The ef- 
fects of the magnesium ion are additive. 

Combination of Ions 
A deficiency of all three ions, potas- 
sium, sodium and calcium, retards trans- 
mission and enhances the effects of non- 
depolarizers. Sodium and potassium ions 
antagonize d-lubocurarine. Tlie antago- 
nism caused by potassium is enhanced 
by decreasing the temperature at the 
post-junctional area. It is also counter- 
acted by anti-cholinesterases. Dehydra- 
tion may enhance the effects of muscle 
relaxants by causing imbalances in elec- 
trolytes and shifts of ionic concentra- 
tions. Disturbances in renal function 
allow die various cations to accumulate, 
thereby influencing neuromuscular 
block. Osmotic diuresis increases the 
excretion of the ions and augments the 
action of the relaxant. A potassium ion 
deficiency resulting from imbalances of 
electrolytes may enhance the relaxant 
effect. 


ElECTOICAL CUIUIENTS 
The application of a cathodal current 
to the end plate decreases the depolariz- 
ing effect. This resembles the applica- 
tion of potassium. An anodal current 
hyperpolarizes the membrane and in- 
creases the intensity of a nondepolariz- 
ing block. 

COMOTNATJON OF MuSCLE ReLAXANTS 
Combining relaxants may cause either 
an antagonism or an enhancement of the 
relaxing effect, depending upon the type 
and the sequence of administration of 
each with reference to the other. Tubo- 
curarine tends to overcome the depolari- 
zation caused by decamethonium by re- 
ducing the end plate potential. In ani- 
mals decamethonium is less potent after 
the administration of tubocurarine, Tlie 
reverse process, that is, the antagonism 
of tubocurarine by decamethonium is 
not demonstrated as easily. The explana- 
tion offered is that decamethonium not 
only depolarizes the motor end plate but 
enters the cell and causes a depolariza- 
tion in tlie area adjacent to the mem- 
brane witliin the muscle fibres. 

BiPiiAsic Action of Depolarizers 
Depolarizing agents such as decame- 
thonium and succinyl choline act in a 
biphasic manner. Patton and Zaimis first 
demonstrated that decamethonium 
caused a sustained block at the end 
plate. A rapid succession of nerve im- 
pulses no longer produced an end plate 
potential and the muscle did not con- 
tract. The drug rendered the muscle in- 
excitable not only at the end plate but 
beyond the plate for a distance of 2--3 
mm. from the junctional membrane. 
Later it Avas shoAvn that the block caused 
by decamethonium is a biphasic affair. 
The first phase is the one whidi is char- 



485 


Neuromuscular Blocking Agents 


acterized by depolarization of the end 
plate. This causes a twitch of the musde 
which is followed by recovery of the 
potential on the membrane. Kecovery of 
the membrane occurs even though the 
drug is still present in the receptor. Later 
a non-depolarizing block follows which 
resembles that produced by tubocurar- 
ine. This is due to the fact that dec- 
amethonium enters the muscle fibre 
and a difference in concentration de- 
velops between the inside and the out- 
side of the fibre. The accnmaJation of 
the drug inside has an anti-depolarizing 
influence. The membrane which is de- 
pressed in the first phase recovers in the 
second. Tubocurarine introduced into 
the muscle cell with a micro-pipette pro- 
duces a depolarizing block also. Tubo- 
curarine, however, does not depolarize 
the end plate. The tubocurarine prob- 
ably cannot, imder ordinary circum- 
stances, depolarize the end plate because 
it lacks the power of penetration which 
apparently is possessed by decamethon- 
ium. This behavior of decamethonium to 
cause depolarization which is followed 
by repolarization possibly explains the 
tachyphylaxis occasionally seen in cer- 
tain individuals when depolarizing 
agents are used. Apparently they do not 
enter the fibre and, after depolarization 
of the first phase has disappeared, the 
membrane is restored to activity. The 
reversal of the block by depolarizers 
when followed by antagonists after pro- 
longed use of the drug may also be ex- 
plained by the fact tliat the second phase 
is a non-depolarizing block. It also ex- 
plains the failure of antagonists to act in 
certain cases of overdosage because both 
a depolarizing block and non-depolariz- 
ing block are present. Urffortunately all 
that goes on at the end plate is not easily 
explained. More can be explained con- 


cerning the action of non-depolarizers 
than depolarizers. 

Histamine Release 

Histamine exists in a bound state in 
the body. Part of it appears to be bound 
with proteins in the mast cells which are 
widely distributed in the body. These 
cells are perivascularly located. The cells 
are abundant in the skin. The mast cells 
lose their basophilic granules and be- 
come distorted as the histamine is re- 
leased. In addition a large store of tis- 
sue histamine is found in the body not 
associated with mast cells. This fraction 
is not readily released unless serious tis- 
sue damage is induced. Many organic 
bases mobilize histamine by releasing it 
from its bound stale. 

Most muscle relaxanls are histamine- 
liberators. Previous sensitization by the 
drug is not necessary for this release. The 
exact mode by which this release comes 
about is not Imown. Possibly it is due to 
an ion excliange process in the mast cells 
which causes release of histamine, or the 
binding agent competes for the libera- 
tor or to activation of mast cell lecithi- 
nase by interfering with a normal in- 
hibitor. All muscle relaxants so far stud- 
ied exhibit a histamine release phe- 
nomenon. However, the fact is of little 
consequence because the dose required 
to effect the release is large in compari- 
son to that required for neuromuscular 
blockade. Besides most anesthetics in- 
hibit the release. The most important re- 
laxant which manifests any remarkable 
degree of histamine release is d-tubo- 
curarine. Large doses of succinyl choline 
could possibly release histamine but or- 
dinarily little is released since the drug 
is broken do\%'n rapidly. It, thus, plays 
a minor role in this regard. Histamine re- 
lease is not a major clinical problem. 
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CURARE AND TUBOCURARINE 

Curare is not a specific compound. In- 
stead it is a mixture of various sub- 
stances obtained from numerous botani- 
cal sources most important of which are 
the Strychnos and Chondrodendrons. 
Extracts of herbs from these plants are 
referred to as curare. There are, there- 
fore, various curares depending upon 
the botanical source and the proportion 
of the herbs from which the mixture is 
made. Crude curare contains a number 
of chemically related alkaloids with 
closely related pharmacological actions. 
Formerly curares were classified accord- 
ing to the type of containers the natives 
used for storage. Such terms as “tube” 
curare, “calabash” curare and “pot” cu- 
rare gave no indication of the composi- 
tion of the crude drug. 

CvnAHE Exnucr 

Prior to the isolation of the alkaloid 
the extract obtained from Chondroden- 
dron tomentosum was used almost ex- 
clusively for clinical purposes. Chondro- 
dendron tomentosum extract (Inlocos- 
trin) is a purified preparation containing 
the therapeutically desirable constitu- 
ents of crude curare (Tubocurarine). In 
the preparation of the extract the barks 
and stems of the plant are first steeped 
with water and then with alcohol. The 
extracts are combined and then evapo- 
rated to dryness after which the residue 
is re-dissolved in water and the pH is 
adjusted to 4.6-4.8 with hydrochloric 
acid. The preparation is standardized 
biologically in rabbits using the Jjead- 
drop, cross-over leclmique. One unit rep- 
resents the quantity of active principles 
necessary to cause paralysis of the neck 
muscles per kilogram of rabbit. The ex- 
tract is available in a sterile aqueous 


solution in 10 ml. vials. One ml. of the 
purified extract contains 20 units of ac- 
tive alkaloids. The curariform activity 
of the extract is due almost entirely to 
the tubocurarine content. One unit of 
active principle has a potency equal to 
that of 0.15 mg. of d-tubocurarine chlo- 
ride pentahydrate. The solution is stable 
under ordinary conditions of storage 
(25®C. and sealed). 

Tubocurarine 

The crystalline alkaloids of curare 
were first isolated by Pia in 1846. The 
structure of d-tubocurarine was first es- 
tablished by King in 1936. Later Winter- 
steiner and Dutcher (1943) isolated a 
substance from crude curare prepared 
from Chondrodendron tomentosum hav- 
ing a structure identical to that described 
by King. 

D-tubocurarine is a di-quaternaiy am- 
monium base, that is, it has two quater- 
nary nitrogen atoms. The alkaloid has 
a complex structure consisting of a 
double tetra hydro-isoquinoline nucleus. 
These rings are held apart by two ben- 
zine rings (Table 11.23). Tlie nitrogen 
atoms are in the ring but are separated 
for a distance of 12.5 A“ by virtue of 
these heterocyclic structures. No straight 
chain separates the nitrogen atoms. The 
structure of tubocurarine as is the case 
with other important curaremimetic com- 
pounds (with the exception of decame- 
thonium), contains oxygen in addition to 
carbon, hydrogen and quaternary nitro- 
gen. Four oxygen atoms are present— hvo 
as hydroxyl groups and two as ether 
groups. The isoquinoline nuclei are at- 
tached to supporting benzine rings by 
two methylene linkages and the tw'O ether 
linkages. The metliylene and ether link- 
ages are inert. The quaternary nitrogen 
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atoms are on opposite sides of the mole- 
cule. 

Properties 

Two optical isomers are possible, a 
dextro and a levo. The levo compound 
is less potent than the dextro. The active 
isomer has a specific rotation of 
-j- 215° The drug (pentahydrate) is a 
white or yellowish white powder which 
melts at 270°C. Aqueous solutions have 
a pH of 3.0. One gram dissolves in 20 ml. 
of water and 45 ml. ethyl alcohol. The 
drug is insoluble in ethyl ether, chloro- 
form, benzine, pyridine and acetone. 

Solubilities 

Tubocurarine forms a number of hy- 
drates. An anhydrous form may be pre- 
pared which is markedly hygroscopic 
and absorbs water until it reaches the 
pentahydrate state. The pentahydrate 
seems to be fairly stable and non-hygro- 
scopic. Super saturated solutions of 
d-tubocurarine are possible due to hy- 
drate formation. The solubility is re- 
duced by acids. Tubocurarine, since it 
is a di-quatemary base, interacts with 
hvo molecules of hydrochloric acid to 
form a hydrochloride. The reaction is 
similar to that which occurs when am- 
monium hydroxide interacts with the 
acid to form ammonium chloride. Solu- 
tions ionize to a quaternary ammonium 
cation which presumably is the physio- 
logically active form of the drug. Tubo- 
curarine is difficult to obtain in an abso- 
lutely pure form because it is obtained 
from natural sources and, therefore, con- 
tains contaminating alkaloids which are 
difficult to separate completely. These 
may be demonstrated by paper chroma- 
tography. The drug, therefore, is bio- 
assayed in the same manner as the ex- 
tract by the head-drop method to assure 
standard potency. It is packaged in vials 


containing 10-20 ml. of sterile 0.3% aque- 
ous solution. Each cubic centimeter of 
the solution contains 3 mg. of dextro- 
tubocurarine chloride pentahydrate or, 
in other words, 20 units of activity. A 
high potency solution is also available in 
a 15 ml. ampule. Each ml. contains 15 
mg. or 100 units of the alkaloid. This is 
for use with barbiturates. Occasionally 
tubocurarine and a barbiturate are 
mixed and injected simultaneously. The 
sodium salts of barbituric acids when 
dissolved in water have a pH between 
11 and 12. On the other hand tubocura- 
rine produces an acid solution. Conse- 
quently if sufficient tubocurarine chlo- 
ride is added to the barbiturate solution 
to produce an acid solution the acid 
form of the barbiturate forms. Ihe bar- 
bituric acid is less soluble than the salt 
and, therefore, precipitates out. The de- 
gree of precipitation depends upon how 
acid the mixture becomes. As a rule, a 
compatible mixture contains 33 milli- 
grams of thiopental to one of d-tubo- 
curarine chloride. 

Absorption of Curare Alkaloids 

Tubocurarine is not absorbed from 
the unbroken skin. It is inactive when 
administered orally, unless large doses 
are administered. Presumably the drug is 
inadequately absorbed through the 
gastro-intestinal tract or it is destroyed 
on its passage through the mucosa. Qua- 
ternary bases, as a rule, are poorly ab- 
sorbed through mucous membranes. 
Tubocurarine is absorbed from muscu- 
lar sites after hypodermic administra- 
tion. However, the onset of action is not 
as rapid as it is after intravenous injec- 
tion. 

Distribution in Tissues and Fate 

Tubocurarine, as are most related 
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muscle relaxants, is hydrophilic rather 
than hydrophobic or lipophilic. There- 
fore, it is uniformly distributed in the 
body tissues. Kalow has noted that the 
passage of tubocurarine tlirough the 
body may be divided into three distinct 
phases. In the first phase, during which 
tire plasma level is reduced by one-half 
within 5-6 minutes, distribution is 
throughout the e.xlracenular fluid. Dur- 
ing this time the drug passes into the end 
plate. Some binding with plasma pro- 
teins occurs in this phase. During this 
phase the lowering of plasma level is due 
to dilution in the total water of muscle 
and other organs. In the second phase the 
drug disappears from the extracellular 
fluid. Most of the disappearance is due 
to urinary excretion and passage into 
some cells. This phase has a half time of 
45 minutes. In the third phase, which 
requires 311 hours, the drug which has 
passed into the cells is destroyed by cn- 
2 ymes or eliminated unchanged. En- 
zymes capable of destroying drugs are 
located in the microsomes wliicli sug- 
gests tliat the drug passes into some of 
cells. About of a given dose ap- 
pears to be destroyed. The rate of de- 
struction is slow. Renal excretion plays 
the major role during the phase in whicli 
the drug is passing into the cells. During 
this time about Is of the drug is being ex- 
creted in the urine. In man about Js of a 
dose of d-tubocurarine is recovered in 
the urine over a period of several hours, 
irrespective of the route by which the 
drug is administered. Tubocurarine does 
not enter the red cells to any great ex- 
tent. Quaternary bases do not appear to 
penetrate the blood brain barrier, since 
they are not lipophilic. The duration of 
action of d-tubocurarine is brief, since it 
quickly enters the end plate and then 
leaves it when the plasma level falls. This 


brevity of action, therefore, is due to the 
re-distribution of the drug from one tis- 
sue to another. Repeated doses produce 
a cumulative effect since it is stored in 
the cells and slowly destroyed. Metabo- 
lites may be isolated from the urine 
which indicate destruction has occurred. 

Deoivatives of TuBOcunAniNE 
D-tubocurarine has two hydroxyl 
groups, both on aromatic nuclei which, 
of course, confer properties of a phenol 
to the compound. Each of these is con- 
vertible by alkyl groups to form ether 
linkages (Table 11.23). Methylation con- 
verts tubocurarine to a dimethyl ether. 
The dimethyl derivative (dimethyl tubo- 
curarine) is approximately three times 
as potent but somewhat shorter acting 
than d-tubocurarine in man. The phar- 
macological properties are similar to 
those of d-lubocurarine. Tlie dimethyl 
derivative also forms salts with acids. 
The principal salts are chlorides and 
iodides. The iodide (Metubine) is a 
white, pale, yellowish, odorless, crystal- 
line powder. Tlie drug is dextrorotatory 
«£►“* = -(-148-158. It decomposes with 
the evolution of gas when heated to 
257'’C. It is slightly soluble in water, di- 
lute hydrochloric acid and dilute sodium 
hydroxide. It is very slightly soluble in 
alcohol and practically insoluble in ben- 
zine, chloroform and ether. Tire chlo- 
ride is employed clinically when iodism 
is feared (Mecostrin). Tlie pH of tlie 
aqueous solution is 6.1. Approximately 
0.8 mg. of the chloride is employed for 
every milligram of the iodide because of 
the differences in molecular weight. The 
methyl ether is made directly from d- 
tubocurarine. Doth drugs are stable in 
solution. The urinary excretion is greater 
than that of d-tubocurarine. More than 
55!? is recovered in the urine. 
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The substitution of the methyl groups 
on the quaternary nitrogen atoms of d- 
tubocurarine and its allies by other 
groups diminishes muscle relaxing ef- 
fects. Replacement of the methyl groups 
by hydrogen atoms completely nullifies 
the relaxant effects. 

CnONDROCURARlNE 

A substance closely allied to d-tubo- 
curarine, known as d-chondrocurarine, 
has a somewhat similar structure, the 
chief difference being a change in the 
position of one of the hydroxyl groups 
for one of the methox)' groups. Besides 
the quaternary amino alkaloids, alkaloids 
with tertiary amino nitrogens combined 
with quaternary nitrogens are found in 
curare also. These are known as curarines 
and are found in Chondrodendron to- 
mentosum. 

Methods of Detection 
Tubocurarine responds to tests char- 
acteristic of phenols, quaternary bases 
and ethers since these groupings are 
present on the molecule. D-tubocurarine 
and related compounds react with Mil- 
Ion’s reagent. This test detects tlie pres- 
ence of the hydrojqphenyl or phenol 
group. A green color develops with ferric 
chloride, indicating that a hydroxyl 
group is present on a benzine ring. None 
of these reactions are specific for the 
alkaloid alone, however. Pride and Smith 
have suggested the use of Millons re- 
agent for the determination of the drug 
but the method is not used. 

A number of techniques have been 
suggested for the qualitative and quanti- 
tative determination of the alkaloid 
which tend to be more specific. The 
Council on Pharmacy and Chemistry 
suggests that the optical rotation be used 
for assay and for determining the purity 


of the drug. Relatively concentrated so- 
lutions are required to obtain reliable 
results by this method, however. The 
specific rotation of the hydrate is +190 
at 25°C. using a sodium light. The melt- 
ing point may also be used for identifi- 
cation. Optical rotation and melting 
point alone are not suflScient for identifi- 
cation and assay of a drug. D-tubocura- 
rine chloride melts at 272-273°C. 

The biological method of assay is used 
for standardization as has been men- 
tioned previously. The colorimetric 
method using a choline-phenol reagent 
has been suggested also. A polarity 
method procedure has been described 
by Foster. Kline and Gordon have sug- 
gested the use of the spectrophotometric 
absorption in the ultra-violet light re- 
gion. The alkaloid is extracted after alka- 
linization of the solution with ethylene 
dichloride. The salt is then reformed by 
the addition of O.IN HCl. The spectro- 
photometric absorption of the Reinec- 
kate* in the visible region is also sug- 
gested. A study of the ultra-violet ab- 
sorption curve of the salt and aqueous 
solution indicates that absorption is 
ma,vima] at 2A-281 mp. D-tubocura- 
rine chloride forms an insoluble Rein- 
eckate.® This salt is dissolved in alcohol 
and estimated colorimetrically at 525 
m?. 

SUCCINYL CHOLINE 

History 

Succinyl choline (Anecline, Quelcin, 
Sucostrin) was known for a niunber of 
years before its muscle relaxing quali- 
ties were discovered. As early as 1911 
Hunt and Taveau studied its pharmaco- 
logical effects in animals. Its relaxant 
effects, however, were overlooked be- 
cause they studied the drug in curarized 

• Ammonium lelrathiocjanodjammonochromate 
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animals. It was not until 1949 when the 
muscle relaxant effects were discovered 
by Bovet and his co-workers in Italy. 

Synthesis 

Studies of the methonium compounds 
indicated that a pair of carboxy groups 
introduced into a polymethylene bis- 
metlionium chain lessened tlie duration 
but not the intensity of muscular relax- 
ing activity. This led to the synthesis of 
succinyl choline. The drug is synthe- 
sized by refluxing diethyl succinate with 
beta-dimethyl-amino ethanol and form- 
ing bis dimethyl amino ethyl succinate. 
Interaction of this product with methyl 
iodide forms succinyl choline. 

PflOPEIlTIES 

Succinyl choline is a quatemaiy base 
with two nitrogen atoms separated from 
each other by a distance equivalent to 
ten intervening atoms (Table 11.23). Tlie 
structure, therefore, if wsualized in a 
chain-like arrangement, is long and 
slender like decamethonium and not 
broad like tubocurarlne. Tlie "onlum" 
groups are sufficiently basic to form 
salts with acids. The salts dissociate and 
react with water to give acidic solutions. 
Tlie cations are physiologically active 
and presumably interact with the recep- 
tors. Succinyl choline chloride is also 
known as diacetyl choline chloride. Actu- 
ally the compound is two molecules of 
acetylcholine linked together at tlie 
alpha meth)’l groups. 

Succinyl clioline is a white, odorless, 
slightly bitter powder wliicli forms a 
monohydrate. The hydrate melts at 156- 
160°C. It is very soluble in ^vater (1 gm. 
per ml.) alcohol (1 gm. in 350 ml.), slight- 
ly soluble in benzine and chloroform and 
practically insoluble in ether. Tlie pH of 
a 2% solution varies between 3.0-^.5. Two 


salts are available for clinical use— the 
chloride and the iodide. The chloride is 
preferred to the iodide since the latter 
may cause iodism. Tlie ratio of the molec- 
ular weights of succinyl choline chlo- 
ride and iodide is 1:1.5. Therefore, the 
equivalent dose of succinyl choline 
should be calculated as % of the iodide. 

Stamlhy 

Succinyl choline chloride powder is 
relatively stable and may be sterilized 
by autoclaving. However, it is best 
stored under refrigeration. The potency 
of solutions exposed at room temperature 
gradually decreases. Biological assay, 
however, shows that solutions may be 
kept for as long as three months at room 
temperature without significant loss of 
potency. Alkalies hasten tlieir decompo- 
sition. 

Succinyl clioline may be assayed by 
refluxing it %vith sodium hydroxide and 
determining the amount of succinic acid 
released by titrating the unneutralized 
sodium hydroxide with 1/10 normal hy- 
drochloric acid. 

Succinyl choline is rapidly hydrolyzed 
in alkaline solution in vitro. It differs 
from other rel.ixants in this respect. It is, 
therefore, incompatible with solutions of 
sodium salts of the barbiturates, such as 
thiopental or thiamylal. 

Metabolic Fate 

Succinyl choline is hydrolyzed by the 
pseudocholinesterases of the plasma. 
The products of hydrolysis are succinic 
acid and txvo molecules of choline. Both 
succinic acid and choline occur normally 
in the bod)' as metabolites. Tlie liydroly- 
sis by the esterase occurs rapidly and 
completely. Not more than 2? of an in- 
jected dose appears in the urine. The 
serum cholinesterase acts only while the 
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drug is in the serum. The succinyl cho- 
line must leave the plasma in order to 
reach the receptors in the myoneural 
junction. The hydrolysis leads first to 
the formation of succinyl monocholine 
and choline. This reaction occurs rap- 
idly. The monocholine follows at a 
much slower rate— approximately 6-8 
times more slowly. The liver contains an 
esterase which is believed to be specific 
for succinyl monocholine. Therefore hy- 
drolysis does not depend upon tlie cho- 
linesterases alone. 

Succinyl choline is not hydrolyzed by 
the true chohnesterase found in the red 
blood cells and that in the end plate 
region. The monocholine exerts an in- 
hibitory eEect on pseudocholinesterase 
and, therefore, retards hydrolysis of suc- 
cinyl dicholine. Succinyl choline and Us 
derivatives also exert an inhibitory effect 
on the hydrolysis of acetylcholine by 
true cholinesterase. The average rate of 
hydrolysis of succinyl choline is about 
3 micromoles per ml. of plasma in 30 
minutes. 

The pseudocholinesterases are widely 
distributed in plasma and other body 
fluids. At least three different types have 
been differentiated by the technique of 
determining inhibition by dibucaine. 
There appears to be two types in man in 
regards to succinyl choline hydrolysis— 
a typical one and an atypical one. Ap- 
proximately 97% of the population have 
the tj’pical form which readily hydro- 
lyzes succinyl choline. Approximately 4% 
have a mixture of both types while 1 in 
2800 persons has the atj’pical type. The 
typical esterase is very active at con- 
centrations of succinyl choline which are 
loo low to induce activity of the atjpical 
enzyme. Succinyl choline exerts its ef- 
fect for a much longer period of time in 
a person with atypical esterases. 


Prolonged apneas have occurred after 
the use of succinyl choline. The exact 
explanation for this is not known. Failure 
of the esterases to hydrolyze the succinyl 
choline has been presumed to be a fac- 
tor. It is difficult to prove that the es- 
terase was acting effectively during the 
apnea even though in vitro studies show 
an active esterase. The enzyme may be 
inhibited in vivo by drugs and other 
agents while in vitro these inliibitors are 
diluted out or inactive. A lowering of 
esterase levels occurs in liver disease, 
malnutrition and cachexia due to failure 
of protein synthesis. A decrease of este- 
rase activity possibly combined with elec- 
trolyte disturbance may be responsible 
for the apnea. Blood and tissue levels of 
succinyl choline are difficult to deter- 
mine. 

Succinyl monocholine also produces a 
depolarizing block, but somewhat 
weaker than that of the dicholine. The 
potency on a milligram for milligram 
basis is 1/20 of that of succinyl choline. 
The block caused by the monocholine is 
longer lasting. Tlie possibility of accumu- 
lation of the monocholine when succinyl 
dichohne is given by the intravenous 
drip must be borne in mind. Cooling 
tends to increase the duration and magni- 
tude of the depolarizing block produced 
by succinyl dichohne. 

The hydrolysis of succinyl choline is 
accelerated in an alkaline medium. It is 
rapid at a pH of 7.4. Respiratory alka- 
losis accelerates the hydrolysis. How- 
ever, this is not a potent factor in de- 
struction. Less than 5% per hour of the 
succinyl choline in the body is destroyed 
by alkaline hydrolysis. Alkaline solu- 
tions are incompatible with succinyl cho- 
line. Solutions of barbiturates, therefore, 
cannot be mixed with the drug since 
they have a pH of 16-12. 
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Miscellaneous Cholines 

Other cholines have been prepared 
^v^tll muscle relaxant properties. Among 
these are Brevidil which has one ethyl 
group replacing one methyl on each ni- 
trogen atom of succinyl choline. 

DECAMETIIONIUM 
Structure and Synthesis 

Decamethonium is the simplest, struc- 
turally speaking, of the commonly used 
neuromuscular blocking agents. It con- 
sists of two quaternary nitrogen atoms 
separated by an intervening aliphatic 
chain of ten carbon atoms (Tabic 11.23). 
This chain is often referred to as the 
decamethyicne chain. No oxygen or 
atoms of other elements save hydrogen 
are present on the aliphatic chain. The 
decamethylene chain is relatively inert. 
The drug, therefore, is very stable in 
solution. Decamethonium may be syn- 
thesized by treating decamethylene bi- 
diamine in methyl alcohol solution with 
methyl bromide and sodium hydroxide. 
Sodium bromide forms as a byproduct 
which is removed by extraction with 
acetone in which the decamethonium is 
insoluble. As is the case with otlier 
quaternary bases decamethonium forms 
salts with acids. These dissociate in aque- 
ous solutions to form a nitrogen contain- 
ing cation which is responsible for the 
physiological effect. 

Properties 

Decamethonium is available under 
the trade name of Syncurine, It is also 
called C-10. The drug is a white crystal- 
line, water soluble powder. It is soluble 
in alcohol but insoluble in acetone. The 
initial effect is one of depolarization. A 
sterile solution contains one milligram of 
the salt per milliliter. The solution is 


stable and non-irritating to the tissues. 
The drug is compatible with barbiturates 
in the same solution. Decomposition of 
the salt occurs at 252®C. 

Distribution 

As is the case with other quaternary 
bases, decamethonium is poorly ab- 
sorbed after oral ingestion. Hie com- 
pound is distributed in the extracellular 
fluids and like other quaternary ions pen- 
etrates the body cells slowly. There is 
little or no destruction of the drug in 
the body. The drug is quantitatively and 
almost completely excreted in the urine 
unchanged (up to 9ft?). Elimination oc- 
curs through the kidney, presumably by 
filtration by the glomerulus. Patients 
who have renal insufficiency may retain 
the drug and manifest cumulative ef- 
fects. 

HEXABISCAUBOCHOHNE 

(IMBRETIL) 

Structure and Synthesis 

Hexa-carbabischoline is a hexa 
methylene (6 carbon chain) which has an 
amino group (liexamethylene diamine) 
attached at each end of the carbon 
cliain (Table 11.23). One hydrogen of 
each amino group is substituted by a 
tri-methyl carbaminoyl group. The drug 
is prepared by reacting glycol carbonate 
with hexamethylene diamine. The hy- 
droxyl groups are then replaced by chlo- 
rines by treatment with SO Ch, The Cl 
is then changed to I by treating with 
sodium iodide. The I is replaced by tri- 
methyl amine to form the hexa biscar- 
baminoyl choline. The drug contains two 
quaternary hydrogen atoms separated 
by a chain of more than 10 carbon atoms. 
Bends may occur at the nitrogen atoms 
so lliat the traditional inter-nitrogen dis- 
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tance of 14 A® is maintained. The com- 
pound is remarkably stable. Heating with 
NaOH for ten hours fails to hydrolyze 
the compound. Cholinesterases, in vivo, 
likewise do not hydrolyze the compound. 

BENZOQUINONIUM 

Properties 

Benzoquinonium (Mytolon) is a bis 
quaternary base which possesses the 
characteristic of both a non-depolarizing 
and depolarizing blocking agent. The 
drug was synthesized by Cavalitto and 
his collaborators. The pharmacologic 
properties of benzoquinonium (Mytolon) 
were investigated by Hoppe in 1950. The 
substance is a red crystalline, water sol- 
uble material which melts at 191 — 
194'’C. The molecule contains two N- 
benzyl groups which provide the quater- 
nary nitrogen. On these are two ethyl 
groups. The benzyl groups are attach^ 
to propyl amino groups. Each of these is 
attached on position 3 and 5 respectively 
of a 1, 4 benzoquinone nucleus (Table 
11.23). It is available in sterile solutions 
containing 3 mg. per ml. Solutions are 
compatible with barbiturates. Tlie com- 
pound is excreted by the kidney in an 
active form which imparts a pink color to 
the urine. As much as 752 of the drug is 
eliminated unchanged. 

GALIAMINE (FLAXEDIL) 
Structure 

GalJamine (Flaxedil) differs from other 
relaxants in having three quaternary 
nitrogen atoms. The drug is prepared 
from pyrogallol (1, 2, 3 Irihydroxy ben- 
zine). The hydrojyl groups are con- 
verted into ether linkages by the attach- 
ment of three choline residues to the 
benzine ring. The structure may be writ- 


ten so that two quaternary nitrogen 
atoms, the 1 and 3 are separated at a dis- 
tance of 14 A® apart The 2 substituent 
is at right angles to the chain. The pres- 
ence of the third quaternary nitrogen 
confers greater activity since the 1, 2, 3 
derivative is more potent than the 1, 2 
or the 1, 3. The 1, 3 derivative which has 
the nitrogen atoms farther apart than 
the 1, 2 is the more potent of the hvo. 
Another departure from the other muscle 
relaxants is that the substituents on the 
nitrogen atoms are ethyl groups instead 
of methyl. Generally, substitutions of 
ethyl groups for methyl leads to a loss 
in potency. The drug is non-reactive and 
stable in solutions. 

As is the case with other quaternary 
bases the compound forms salts with 
strong acids which dissociate in water to 
form acid solutions (pH 3.2). The cations 
are active physiologically. 

Properties 

Gallamine (Flaxedil) is a stable, white 
odorless bitter powder. It is soluble in 
water, alcohol and dilute acetone, but in- 
soluble in anhydrous acetone, ether, 
benzine and chloroform. It is available 
as a solution; each cc. contains 20 to 80 
mg. The substance is not absorbed if ad- 
ministered orally but is effective intra- 
venously. It is compatible with the 
barbiturates in the same solution. The 
drug is stable and can be autoclaved at 
120'’C. The available salt is the iodide 
which has a melting point of 250'’C. 
Three molecules of hydroiodic acid are 
required— one for each quaternary nitro- 
gen atom. For this reason Gallamine is 
referred to as the triodide. Gallamine is 
well absorbed after subcutaneous ad- 
ministration. The drug is metabolized 
with difficult'. Up to 1002 is found in 
the urine. The drug acts by competing 
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with acetyl choline thereby producing 
a non-depolarizing type of block. 

ERYTiroiNA ALKALOIDS 
Source 

Tlie genus Erythrina yields, from its 
beanlike seeds, substances with curare* 
mimetic activity. Of 105 known species 
the seeds of 50 have been shown to con- 
tain alkaloids which are physiologically 
active in regards to muscle blocking ef- 
fects. Erylhroidine, obtained from Eryth- 
rina americana, was the first crj'stallfne 
alkaloid to be isolated. Erylhroidine con- 
sists of at least two isomeric alkaloids, an 
alpha and a beta erylhroidine. Both are 
dextrorotatory. The beta form is readily 
available in tlie pure state. The eryth- 
roidines are e.xceptions to tlie rule that 
relaxants are quaternary bases. They are 
tertiary amines (Table 11.23). Conversion 
to a quaternary base nullifies the muscle 
relaxing activity. 

Potency and Bciiamor 

Several hydrogenated derivatives of 
beta erylhroidine have been prepared. 
Dihydro beta erylhroidine is approx- 
imately six times more potent than eryth- 
roidine. These eompounds are absorbed 
from the gastrointestinal tract more 
readily than the quatemay bases. They, 
therefore, are effective if used orally. 
They are less potent and of briefer dura- 


tion of action than d-tubocurarine. They 
cause a nondepolarizing type of block. 

Properties 

Beta erylhroidine is composed of 
while needles which melt at 232'’C. It 
has an optical rotation of -j-lOQ" at 
23®C. It is soluble in water, chloro- 
form and benzyl alcohol. It is incompati- 
ble with oxidizing agents and alkaloidal 
reagents. It forms salts with acids, the 
most important of which is the hydro- 
chloride. 

LAUDEXIUM (LAUDOLISSIN) 

Attempts at synthesis of compounds 
similar to tubocurarine lead to the prep- 
aration of laudexium. Laudexiiim (Lau- 
dolissin) was synthesized by Taylor and 
Collier. It is h to as potent as d-tubo- 
curarine; however, it is longer lasting. 
The structure contains trvo isoquinoline 
nuclei whose nitrogens have been qua- 
temized. The quaternary nitrogens are 
separated tlie optimal 14 A* distance by 
a straight ten carbon chain as in the 
case of decametbonium. Thus, the mol- 
ecule is a long one like decamethonium 
and broad like tubocurarine. The com- 
pound forms a methyl sulphate which is 
stable. It is slowly destroyed in. the 
body, the bulk being eliminated un- 
changed. It is not compatible with al- 
kalis. The duration of action may be one 
or more hours. 



CHAPTER 24 


Drug Antagonism and Analeptics 


TYPES OF ANTAGONISM 

O CCASIONAIXY it becomes necessary 
to antagonize the action of one 
drug by using another. Antagonism is 
the reversal, nullification or blocking of 
the eflFects of one chemical by anodier. 
Three basic mechanisms have been de- 
scribed by which one drug inhibits or 
overcomes the action of another. These 
are (1) physiological antagonism, (2) 
competitive inhibition, and (3) non-com- 
petitive inhibition. 

PlIYSIOLOCIGAL ANTAGONISM 

Physiological antagonism may be 
mediated by humoral substances or by 
pharmacologic opposites. A physiologi- 
cal response is overcome by its natural 
antagonist or hy a substance which acts 
like its natural antagonist. A segment 
of arterial smooth muscle, for example, 
which has been relaxed by the action of 
acetyl choline, may be made to contract 
hy the action of epinephrine, its physio- 
logical antagonist or by ephedrine, its 
pharmacologic opposite. These sub- 
stances act at the choh'nergic and adren- 
ergic receptors, respectively. 

Competitive iNinnmoN 
Antagonism by competitive inhibition 
is brought about when two substances, 
one of which is physiologically -active, 
and the other physiologically inert, com- 
pete for a particular receptor site. Tbe 


physiologically inactive substance pre- 
vents the action of the active one by dis- 
placing it from or combining preferen- 
tially at the receptor site. The entire 
response is governed by principles enun- 
ciated by the mass action law which are 
related to reversible combination of sub- 
stances. The inhibitoiy effect is, there- 
fore, influenced by the presence of the 
active substance. One drug may prevent 
the effects of the other if certain rela- 
tionships in concentration are main- 
tained. Increasing the concentration of 
one tends to reverse the effects of the 
other. Atropine, for example, antago- 
nizes acetyl choline at postganglionic 
cholinergic receptors. The molecule of 
atropine becomes attached to the re- 
ceptor site ordinarily reserved for acetyl 
choline. A part of the molecule of atro- 
pine bears enough similarity to that of 
acetyl choline so that they both can 
unite with the same receptor. There is 
sufficient difference between them so 
that atropine is inactive. Atropine, there- 
fore, is inert and is devoid of the action 
of acetyl choline. Therefore, the antag- 
onistic response it causes is produced by 
preferentially combining with the recep- 
tor and thereby preventing acetyl cho- 
line from combining and acting at the 
receptor site. It is a pharmacologic op- 
posite to acetyl choline. Increasing the 
concentration of acetyl choline displaces 
atropine from the effector site and re- 
verses the inlUbition it has produced. 
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Tlie union is easily reversible. It is pos- 
sible, in an isolated biological prepara- 
tion surrounded by an aqueous environ- 
ment in which several drugs have im- 
mediate access to a receptor site, to ti- 
trate one drug against another. How- 
ever, in tbe living body sucli titration is 
not possible since the drugs do not have 
immediate access to the receptor sites. 
Clinicians often refer to the slow intra- 
venous infusion of drugs into the intact 
animal as titration. The inference in us- 
ing this term is that a balance is achieved 
or that a neutralization of one drug by 
an opposing one occurs. The exact quan- 
titative relationships which are possible 
in isolated preparations cannot be estab- 
lished in the intact animal because the 
total quantity of the drug used does not 
reach a receptor. Some of it is detoxified 
or stored by other tissues and produces 
cumulative effects. Tlie portion which 
does pass to the receptor must run the 
gauntlet of multiple barriers before it 
arrives at the locus of action. 

NoN-CoMPimriVE Iniudition 
In noiKompetitive inhibition a drug 
combines at the receptor site to form a 
stable, less reversible chemical bond. 
The antagonism is not reversed by in- 
creasing the concentration of or remov- 
ing the opposing drug. In competitive 
inhibition the union is either a physical 
one or a labile, unstable chemical one 
which is reversible. Tlie receptor site 
remains unchanged. In non-compCtitive 
irreversible inliibition tlie receptor site 
is altered. Dibenamine, for example, 
unites with adrenergic effectors in such a 
manner that epinephrine and similar act- 
ing related amines are unable to displace 
the drug from this receptor site or act 
after it has been removed. Tlie nature 
of the receptor site is altered and re- 


mains so for some days after removal of 
the drug. 

ENZYME ACTION AND ANTAGONISM 
Tlie effects of certain drugs are in- 
timately concerned with biochemical 
processes in the cells whicli are activated 
by enzymes. Enzymes are protein mol- 
ecules which possess reactive groups 
which combine with reacting substances 
(substrates) to form labile, unstable, in- 
termediate compounds. These labile, un- 
stable compounds, then, decompose 
forming new compounds plus the orig- 
inal enzyme. Physiological activity may 
be antagonized by a drug which acts 
competitively with a substrate for the 
active groups on the enzyme. Cholines- 
terase has two active sites, an ionic and 
an esleractic one. Acetyl choline becomes 
attached to both of these sites in order 
to form a labile compound which under- 
goes hydrolysis to acetic acid and cho- 
line. A substance may become attached 
to one or both of these sites and prevent 
acetyl choline from reacting with tlie 
enzyme. Neostigmine, for example, an 
antagonist to acetyl choline forms a re- 
versible union at the esteractio site of 
cholinesterase and thereby prevents the 
attachment to the receptors necessary 
for the hydrolysis of acetyl choline. Tlie 
accumulation of acetyl choline due to 
failure of hydrolysis produces a sustained 
parasympathetic effect. Thus, inhibition 
is competitive because an increase in 
acetyl choline will reverse the reaction 
and displace the neostigmine. The inhi- 
bition of an en^nne may be non-com- 
petitive. In other words, a substance may 
form a stable, difficult to reverse or even 
irreversible compound with the enzyme. 
Its usefulness is thereby destroyed. 
Alkyl phosphoric acid esters, such as di- 
isopropyl fluorophosphate, for example, 
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form stable irreversible unions at the 
esteractic site of cholinesterase. Thus, 
the acetyl choline accumulates, since it 
is unable to unite at the esteractic site, 
and its effect at the receptor site is sus- 
tained. 

The union of a drug with an en^mie 
may occur at some site other than the 
active group. This interaction changes 
the configuration of the molecule and 
the enzyme is inactivated. In fact, it may 
even be denatured since enzymes are 
proteins. A drug may antagonize enzyme 
activity by combining with a substrate- 
enzyme complex. It may also inhibit by 
preventing the breakdown of such a 
complex once it forms. In either case the 
enzyme is removed from the sphere of 
action. Such inhibition is called uncom- 
petitive inhibition to distinguish it from 
non-competitive. In contradistinction to 
competitive inhibition the mass action 
law does not operate in non-competitive 
and uncompetitive inhibition. 

Drugs may increase enzyme activity 
by acting as a coenzyme or they exert 
their effect by acting as a substrate in a 
particular enzyme system. Succinic acid, 
for example, restores to normal the oxy- 
gen consumption of brain slices whose 
ability to oxidize glucose has been sup- 
pressed by barbiturates by acting as a 
substrate in another energy producing 
enzyme system which is not poisoned by 
barbiturates. 

ANALEPTICS 

Most drugs wliich antagonize central 
depression are excitants in the nervous 
system. Central excitants used to an- 
tagonize depression of the ner\'Ous sys- 
tem are referred to as analeptics. The 
word analeptic, which is of Greek origin, 
means restorati\'e. Tlie term is, at times, 
incorrectly applied to cardiovascular 


stimulants, anti-narcotics, and vasopres- 
sors. The term is reserved exclusively 
for central stimulants which are used to 
overcome drug induced depression of 
the nervous system. Not all central ex- 
citants are suitable as analeptics. Various 
types may be delineated according to 
their principal locus of action and their 
margin of safety. Some act diffusely on 
tlie entire neuraxis, others manifest an 
initial selective action on some group of 
neurons in a localized portion of the 
nervous system. Some act principally on 
the cortex, some on the psychomotor 
areas, some on the respiratory center and 
other medullary centers. Because of this 
diversity of action central excitants are 
classed, in a pharmacological sense, into 
(1) spinal cord stimulants, (2) medullary 
stimulants and (3) cortical stimulants. 
Generally those which exert a primary 
action on the respiratory center are the 
most suitable as analeptics. An increase 
in dosage of most stimulants causes a 
neighborhood response, that is, the cen- 
tral excitation spreads to other areas of 
the nervous system. The response may 
be so intense that it causes convulsions. 
As a rule substances which stimulate a 
structure depresses if used to excess. An 
excess of most analeptics causes depres- 
sion, as a rule. Many stimulants have a 
narrow safety margin. Of the many sub- 
stances capable of producing central ex- 
citation, few act selectively at the medul- 
lary areas and in such a manner that 
they are useful clinically. 

RELATlONSinp OF ClIEMICAL STBUCTUnE 

AND Pharmacologic Actistit 
It is difficult to group analeptics on 
the basis of chemical structure-ph^'siol- 
ogical activity relationships. The simil- 
arities svhich are so apparent and appear 
with regular frequency in the congeners 
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amides of carboxylic acids. The dieft}’! 
amide of nicotinic, vanillic, phthalic and 
crotonylic acids have medullary stim- 
ulating effects. 


Inactive 


SUmulant 


Less Stimulating 



Depressant 



More Depressant 

of groups of substances possessing hyp- 
notic activity is lacking in the excitants. 
Not only is there no similarity between 
each of the individual drugs in the chem- 
ical groups from which the various ex- 
citants are derived but there is ako little 
similarity of response between each of 
the congeners of a series. For example, a 
series of tetrazoles has been prepared. 
Of these, metrazol is the only one mani- 
festing well defined analeptic activity. 
The others are ineffective or may even 
act as depressants (Table 1.24). The clin- 
ically suitable compounds, therefore, fall 
into extremely diverse chemical groups. 
There is no consistently appearing chem- 
ical configuration or grouping whicli 
characterizes stimulants. Among the 
chemical types used clinically are the 
tetrazoles, the diethyl amides of nico- 
tinic and vanillic acids, the xanthines, 
the ketones, and the amphetamines. The 
only similarity which may be considered 
strildng is among a group of diethyl 


SlMILAniTIES OF EXCITANTS AND 

Depacssants 

Similarities in chemical structure be- 
tween central excitants and depressants 
is striking at times. A slight modification 
in structure may convert a depressant 
drug into an excitant. The conversion of 
the second hydroxyl group of codeine to 
a methoxy group results in a central ex- 
citant (thebaine). Barbiturates may be 
converted to convulsants by modifying 
their chemical configuration. Interpos- 
ing a carbon atom between the phenyl 
group and carbon 5 in phenobarbital, 
ti\us, converting tlie phenyl radical into 
a benzyl one, confers convulsive activity 
to the compound. The imides of glutaric 
acid such as glutethimide (Doiiden) and 
Bemegride (Mcgimide) are similar in 
structure. The former is a hypnotic and 
the latter a stimulant, and, in large doses, 
a convulsant. Ethers, particularly the un- 
saturated aliphatic derivatives, such as 
vinyl ether, possess, in many cases, cen- 
tral excitatory activity. Hexafluiodiethyl 
ether which has three fluorine atoms on 
each of the terminal carbon atoms of 
diethyl ether is a convulsant which has 
been proposed by Krantz for shock ther- 
apy for the treatment of mental illnesses. 
More will be said about aspect of these 
drugs under individual agents. 

Mode of Action of Analeptics 

Little is known about the mode of ac- 
tion of analeptics. The physiological an- 
tagonism whicJi is so well defined in 
various organic systems under autonomic 
control is nowhere as clear cut and as 
well defined in the central nervous sys- 
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tern. The response obtained in many 
cases indicates that possibl)' two separate 
effects, depression and stimulation, are 
operating simultaneously but each is act- 
ing at a different locus. In other words, 
the depressant continues to exert its ef- 
fect at one site while the stimulant acts 
at another. Stimulants appear to act in a 
spotty fashion at one or more isolated 
areas throughout the cerebrospinal axis. 
A general uniform antagonism in all 
structures is seldom evident. 

The brain cells apparently mutually 
regulate their o\vn activity and respond 
in an orderly fashion \vith reciprocal an- 
tagonism and inhibition between neu- 
rons. Substances capable of altering the 
activity of neurons may disrupt this reg- 
ulatory balancing mechanism and or- 
derly functioning of neurons and pro- 
duce disorganization, the end result of 
which is either anesthesia or excitation 
followed by convulsions. Since so little 
is known about the mechanism of action 
of analpetics and since no specific chemi- 
cal group may be identified as being re- 
sponsible for excitation of neuronal 
structures by these substances, attempts 
to explain the mode of action are merely 
speculative. 

Effect of Stimulation on 
Elimination of Depressant Drugs 
Analeptics do not, as a rule, influence 
or accelerate the elimination or destruc- 
tion of hypnotics. Studies using radioac- 
tive sulphur indicate that thiopental is 
metabolized at the same rate when an- 
aleptics are administered as they are 
without. The blood level which ordinar- 
ily causes arousal is not influenced by the 
use of analeptics. Much of tlie experi- 
mental and clinical data indicate that the 
presence of a depressant drug is neces- 
sary for tlie analeptic to cause the well 


defined stimulating effect which is char- 
acterized by augmented respiration. 
Smaller doses are necessary to augment 
reflex activity in narcotized animals than 
in non-narcotized. In the non-narcotized 
animals the first sign of excitation may 
be a convulsion instead of the gradually 
increasing medullary stimulation. There 
are several possible explanations for this 
behavior. (1) The analeptic may act as a 
coenzyme and activate cellular metabol- 
ism. (2) The hypnotic inhibits the activ- 
ity of inhibitory* neurons so that other 
neurons are free to respond to chemical 
stimuli. The failure to accelerate metab- 
olism and to increase excretion of the 
hypnotic is evidence that the depres- 
sant and stimulating drug are both act- 
ing simultaneously but at different sites. 
Perhaps in time more light will be shed 
on this aspect of neuropharmacology. 
From the foregoing it is inferred that 
analeptics are of little or no benefit in 
depression due to non-chemical agents, 
su^ as oxygen lack, cold, electric shock 
or depression due to large doses of de- 
pressants. This has been the general 
experience clinically. 

Balanced Anesthesia 
None of the analeptics and antagon- 
ists acts by competitive inhibition, ex- 
cept the anti-narcotics. In other words 
true antagonism is virtually unknown 
among the central excitants. In recent 
years the term “balanced anesthesia” has 
been adopted among clinicians. This is 
unfortunate because the term, which has 
neither biochemical or pharmacological 
connotations, infers that one drug op- 
poses or offsets the action of another. It 
is suggested that at the conclusion of a 
surgical procedure an antagonist be ad- 
ministered to reverse the depression. 
This is, of course, erroneous since none 
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rotoxinin (CisHieOs). Prolonged boiling 
of picrotoxin in benzine causes it to dis- 
sociate into these two substances. If 
equimolecular portions of these Uw sub- 
stances are boiled in water, picrotoxin 
will crystallize from the solution. Picro- 
toxin (M.P. 250°C.) is physiologically 
inactive, but picrotoxinin (M.P. 206'’C.) 
is extremeltj poisonous. Picrotoxinin is 
believed to have a terpinoid slceleton. It 
is believed that picrotoxin represents an 
intermediate stage in phytosterol S)aithe- 
sis, A partial structure has been eluci- 
dated by several groups of investigators 
which suggests that picrotoxinin is de- 
rived from a steroid by some sort of 
biological oxidative process. 

Aqueous solutions of picrotoxin reduce 
Fehling s and amtnoniacal silver hydrox- 
ide solutions, Picrotoxin is oxidized by 
potassium permanganate in aqueous so- 
lutions. Alkaline solutions and alkaloidal 
reagents do not form precipitates wth 
picrotoxin as do alkaloids. Picrotoxin de- 
composes slowly in toxicological speci- 
mens. Tests for the drug in tissues and 
body fluids should be performed immedi- 
ately after removal from cadavers if the 
drug is to be identifled and estimated 
quantitatively. The drug is readily ab- 
sorbed from all routes including the oral. 

Properties 

Tlie picrotoxin is extracted from the 
fresh berries with alcohol. The substance 
is a white, odorless, intensely biller, lus- 
trous, crystalline powder which melts at 
200®C. to a yellow liquid. Its molecular 
weight is 602.27. One gram dissolves in 
344 ml. of water at 20'’C. and 15 ml. of 
boiling xvater. The drug is soluble in 
alcohol, ether, amyl alcohol, benzene, 
chloroform, glacial acetic add, and 
caustic alkalies. Aqueous solutions are 
optically active [a]D‘*'“ — 2943®. The 


drug is used as a Z% solution which is 
stable. For many years picrotoxin was of 
little interest because its value as a 
therapeutic agent was not recognized. 
Its adoption as an antidote for the treat- 
ment of coma due to barbiturates and 
other hypnotics lead to a revival of in- 
terest in its chemistry and pliarmacology. 
The drug is the most potent of the an- 
aleptics and manifests a comparatively 
long lasting effect. A latent phase of 5-15 
minutes may precede development of 
excitatory phenomenon. Tlie action may 
be sustained from 30-60 minutes. 

Meiaholtsm 

The exact fate of picrotoxin in the 
body has not been determined. Data re- 
garding its inactivation, since it is so 
potent and may be highly toxic, are of 
clinical importance. DiJle and Duff ob- 
served that the drug disappears rapidly 
from the blood of dogs and rabbits. The 
curve depicting the changes in blood 
level drops rapidly and levels off to a 
declining base line after twenty minutes. 
Two hours after a single injection the 
drug cannot be detected in blood. Traces 
of convulsion-producing substances are 
excreted into the urine for as long as 
eighteen hours after the adminstration 
of a single so-called therapeutic dose 
(3 mgm.). Pharmacological studies indi- 
cate that single convulsive doses are in- 
activated within one and one-half hours. 
Symptoms suggesting cumulative effects 
are uncommon. Biological tests are usu- 
ally employed to detect the drug since 
suitable chemical tests are lacking. Pic- 
rotoxin is included in the U.S.P. 

ConiAMYIlTIN 

Coriamyrtin is obtained from the fruit 
and stems of Coriaria Myrtifolia. The 
structural formula has not been estab- 
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lished. Tlie emperic formula, CisHjjOs, 
is known. Tlie drug is a solid which 
melts at 228-230°C. The drug produces 
convulsions in large doses. Its action, 
like that of picrotoxin, is medullary. 


Nikethamide (Coramine) 

Nikethamide is derived from nicotinic 
acid. The proprietary name Coramine 
(Ciba) is only one of a dozen less known 
names. Three carboxylic acids of pyri- 
dine are possible, a, (3, y. Nikethamide is 
derived from the beta acid. The (3-car- 
boxylic acid is important physiologically 
since it is the well known vitamin, nico- 
tinic acid. The acid readily forms the 
amide. Both hydrogen atoms of the 
amide are replaceable by aliphatic radi- 
cals. Tile dipropyl, diamyl, diallyl and 
similar derivatives have been investi- 
gated, but the most useful from an an- 
aleptic standpoint is the diethylamide, 
or nikethamide (Table 11.24): 

Table K.24 
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Nikethamide 


The central excitatory effect of nik- 
ethamide is mostly medullary. Some 
stimulation of the carotid body has been 
attributed to the drug but the evidence 
that it does so is not convincing. The 
drug possesses a low degree of toxicity. 
Large doses are necessary to produce 
frank convulsions. 


Preparation 

The drug is prepared by interacting 
tliionyl chloride witli nicotinic acid and 
treating the resulting acid chloride with 
diethyl amine hydrochloride. It may also 
be prepared by heating nicotinic acid 
with diethylamine. 

Properties 

Nikethamide is a yellowish, odorless, 
somewhat viscous liquid which boils at 
280‘’C. with decomposition. The com- 
pound has a faintly bitter taste which is 
followed by a sensation of warmth. The 
density of the liquid at 25° is 1.058- 
1.066. The compound may solidify at 
room temperature and melt at 24 — 26°. 
Aqueous solutions have a pH ranging 
from 6-6.5. The drug is very soluble in 
water, ether, chloroform, acetone and 
alcohol. It is usually dispensed for clini- 
cal purposes, in the form of 25% aqueous 
solutions. It is incompatible wth sodium 
carbonate which causes it to precipitate. 

Nikethamide is rapidly inactivated in 
the body. One-half of an injected con- 
vulsive dose is inactivated in one and 
one-half hours. The drug relieves symp- 
toms of deficiency of nicotinic acid. The 
drug is converted to nicotinamide which 
is in turn converted to N-methyl nico- 
tinamide. No relationship between nik- 
etliamide and nicotinicamide nucleotide 
has been established. The latter is an 
important group in coenzyme I and II 
(Chap. 27). 

Neospiran 

Neospiran is the diethyl amide of 
phtlialic acid (Table III.24). The struc- 
ture of phthalic acid is a benzine ring 
with two carboxyl groups, one in the 1 
position and the other in the 2 position. 
Neospiran is a solid compound which 
melts at S9°C. and boils at 175-180°C. 
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It is quite soluble in water. It is pre* 
pared by lieating sodium phthalate with 
diethyl amine phosphate. It is a medul- 
laiy stimulant similar to nikethamide in 
pharmacological behavior. 

Vandid (Emivan) 

Vandid is vanillic diethyl amide (Tabic 
111.24). The compound is a wliite crystal* 
line powder wlricli is very slightly sol- 
uble in water. It melts at 95.5°C. It acts 
primarily on the medullary centers. 

Micouen (PnErncAMio) 

Micoren (Prethcamid) consists of a 
mixture of equal parts of crotonoyl alpha 
n-propylamino butyric acid diethyl- 
amide and crotonoyl a ethylamino bu- 
tj-ric acid diethylamide. It differs from 
the other analeptics in that the amides 


are derived from the simple aliphatic 
acids instead of cyclic derivatives. As is 
the case with other amides, it is a medul- 
lar)’ stimulant and in large doses causes 
convulsions. 

Lobclia, Lobeline and Kelatco 
Alkaloids 

Source 

Indian tobacco, often called wild to- 
bacco, yields several alkaloids called 
Lobelia. The herb, Lobelia inflato, is 
found in North America, particularly in 
Canada and the United States. The 
leaves and tops of the plant are dried, 
from which numbers of alkaloids are e.x- 
tracted. Of these two are most important 
~~lobeline and loheUdine. Both alkaloids 
are isomers. Lobelidlne is optically in- 
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active (racemic form). Lobeline is levoro- ganglia. Large doses also depress the 
tatory. The compound called lobeline is heart and exert a curareform action on 
levo-lobeline. Both alkaloids are derived skeletal muscle, 
from N>methyl piperidine. Two side 
chains are placed in the 1 and 5 position. 
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The alcoholic group on the side chain 
may be converted to a ketonic group to 
form another alkaloid, lobelanine. The 
latter compound occurs naturally. The 
ketonic group of lobeline may be re- 
duced so that each side chain now bears 
a hydroxyl group to form lobelanidlne. 
This is also found naturally. 

Properties 

Lobeline forms a hydrochloride which 
melts at 180°C. One gram dissolves in 
40 cc. of water or 12 ml. of alcohol. The 

optical rotation is a ** — 42.5. A com- 
mercial product, lobeline sulphate, is a 
mixture of all the alkaloids normally 
present in Lobelia. Loheton is synthetic 
lobeline. The free bases of the alkaloids 
of Lobelia are far less soluble in ^vate^ 
than the salts. 

Lobehne exerts its effects by stimulat- 
ing the chemoreceptors in the carotid 
body. The usual response obtained is 
several deep gasps which are then fol- 
lowed by inactivity. The action of the 
drug is transient and variable. Nicotine 
exerts a similar but less pronounced ef- 
fect. Lobeline in large doses first stim- 
ulates and then paral^'zes the autonomic 


Camphor 

Source 

Camphor is a central excitant which 
acts primarily on the cortex. However, 
as the dose is increased the brain stem 
is also stimulated. Camphor occurs nat- 
urally but may be also prepared syn- 
thetically. Camphor is a cyclic ketone 
derived from the cyclic hydrocarbon, 
camphane. Camphor is the 2'ketone of 
camphane (Table III.24), 

Japan, or naturally-occurring, cam- 
phor is dextrorotatory. S^mthetic cam- 
phor may he prepared from the lerpene 
pinenc (turpentine). The synthetic prod- 
uct is racemic and optically inactive. The 
chemical properties of camphor are sim- 
ilar to those of other ketones. Camphor 
forms o.ximes with hydroxylamine. It 
also may be reduced to the secondary 
alcohol, borneol. Direct brominalion 
yields brom-camphor, a derivative for- 
merly used in medicine. 

Properties 

Camphor occurs as a white, translu- 
cent mass, slightly soluble in water, but 
freely soluble in alcohol and other or- 
ganic solvents. It melts at 174® to 177°C., 
^'olatilizes at ordinar}' temperature, and 
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sublimes readily. One part is soluble in 
800 parts of water, 1 part of alcohol and 
Vi part of chloroform. There is no rela- 
tionship between the structure of melra- 
zol and that of camphor, since the for- 
mer is a tetrazol, and the latter a ketone 
derived from camphane. 

Metabolism 

Camphor is detoxified by conjugation 
with glucuronic acid by the liver. The by- 
product passes into the urine. Camphor 
is an inefficient respiratory stimulant. 
Part of this is due to poor absorption. To 
obviate this objection, more soluble but 
similar acting substances have been 
sought. One of these is 3-isopropyl-5- 
methylcyclohexenone (Table 111.24). 
This is related to comphor and is called 
hexeton or homocamfin. The aqueous 
solubility of this substance is poor also 
but can be increased by preparing the 
solution in sodium sulphate or sodium 
benzoate solutions. 

Thujone 

Thujone which is chemically allied to 
camphor (Table 111.24) is abo a respira- 
tory stimulant. It is obtained from essen- 
tial oils, particularly thuja. It acts as a 
central excitant producing convulsions of 
cerebral origin. Thujone is a colorless 
liquid. Two isomers are known, the alpha 
and beta. The alpha is levorotatory; the 
beta dextro. The compound is a ketone, 
as is camphor. 

Caffeine and Belated Purines 
Source 

Caffeine is an alkaloid, related to pu- 
rine. Purine occurs xvidely distributed in 
nature. The nucleoproteins of most cells 
contain considerable quantities of amino 
purines. The two chief amino purines, 
adenine and guanine, are changed in the 
animal body by various enzymes to the 


axypurines, or xanthines, and finally to 
uric acid and allanloin. The latter pass 
into the urine. 

Chemistry 

Tlie rudimentary structure of purine 
consists of two molecules of urea in 
a heterocyclic ring structure of mesoxy- 
lal. This structure permits substituents 
of various radicals on positions in the 
ring numbered 1 to 9. One oxygen on 
position number 6 results in hypoxan- 
thine; oxygens in 2 and 6 result in xan- 
thine; while oxygen groups in the 2,6,8 
position give trioxy-purine or uric acid. 

If methyl groups are placed on the 
xantliine molecule, three methylated 
xanthines form— caffeine, tlieophylline, 
and theobromine. Tlie 1, 3, dimethyl 
xanthine is theophylline. Tlie 3, 7, di- 
methyl xanthine, which is prepared from 
cocao, is theobromine. 

Caffeine is the I, 3, 7, trimethyl xan- 
thine (Table 111.24). Caffeine is found In 
tea and coffee. 

Properties 

AU three drugs are classed as alka- 
loids. They possess feeble basic prop- 
erties. The free base of caffeine occurs as 
white, silky needles. It is odorless and 
bitter- One part is soluble in 46 parts of 
water. Aqueous solutions are neutral to 
litmus. The free base forms salts with 
organic and mineral acids. The citrate 
and a mixture of caffeine and sodium 
benzoate are the most commonly used 
preparations. Tlie citrate is really a mix- 
ture of the acid and base, rather than a 
definite chemical entity. It forms a syrup 
with water which causes the caffeine to 
precipitate. Aqueous solutions of the 
citrate are acid to litmus. The salts are 
more soluble in water and boilable and 
stable than the free base. The mixture 
of caffeine and sodium benzoate con- 
tains SOS caffeine by weight. 
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The purine alkaloids are feeble medul- 
lary stimulants. They act primarily on 
the cerebral cortex. Large doses stim- 
ulate the medulla. Convulsions occur 
only after massive doses. 

Metabolism 

Caffeine is readily absorbed from all 
sites including the intestinal tract. A 
small fraction of a single dose is elim- 
inated unchanged in the urine, but most 
of the drug is destroyed in the body. 
Eighty per cent is converted to urea. 
The eliminated portion consists of di- 
and monomethyl xanthines. There is no 
increase or change of uric acid concen- 
tration in blood after injection of cof- 
feine. 

Caffeine base, caffeine citrate, and 
caffeine sodium benzoate are the usual 
available preparations. 

Amphetamincs 

A number of sympathomimetic com- 
pounds manifest a central stimulating 
action in addition to the usual peripheral 
vasopressor action. Among these are the 
amphetamines, particularly the dexlro, 
the racemic amphetamine, and melh- 
amphetamine (Chap. 22). Ephedrine, 
likewise, shows some stimulating action, 
since this is in the amphetamine class. 
These are little used for analepsis, 

Methylpiienidate (RtrALix) 

Mellxylphenidil acetate (methylpheni- 
dale, Ritalin) is a central excitant used 
primarily for elevation of the mood and 
as a psychomotor stimulant. Large doses 
increase the activity of the nervous sys- 
tem and produce convulsions. Lethal 
doses kill by producing conv'ulsions and 
respiratory arrest. The compound may 
be considered to be the methyl ester of 
acetic acid which has one of its hydrogen 
atoms replaced by a phenyl group and 


the other by a piperidyl group. The 
piperidyl gtoup, attached at the 2 posi- 
tion of the nitrogen atom is considered 
to be in the 1 position (Table 

The compound is a base which is in- 
soluble in water, but soluble in alcohol, 
ethyl acetate and ether. A hydrochloride 
forms which is soluble in water and 
which is used as a 5% solution. The 
aqueous solution of the salt is neutral to 
litmus. 

BEKfEcnmE — 

Structure Activity Relations 

Marshall and Vallance studied a series 
of derivatives prepared by substituting 
alkyl and aryl radicals on the alpha and 
beta carbons of the imide of glutaric 
acid. They were in search of compounds 
with anti-convulsant properties. They 
noted that substitution on the alpha car- 
bon atom produced a number of active 
hypnotics and anti-convulsants. Among 
these were alpha methyl and phenyl N- 
methyl glutarimides. The alpha phenyl 
methyl glutarimide is used clinically as a 
hypnotic (glutethimide, Doriden). Its ac- 
tion as a hypnotic is similar in behavior 
to the barbiturates. Substitution at the 
beta carbon, however, yields compounds 
which lack hypnotic activity and are in- 
active or which show central stimulating 
properties. The beta phenyl and the beta 
dimethyl glutarimides are inactive. Tlie 
beta methyl ethyl glutarimide (NP-13, 
Bemegride, Nikedimide, Eukraton) pro- 
duce convulsions in large doses (Table 
IV.24), 

Properties 

Bemegride is a white, colorless, odor- 
less compound with a slightly bitter taste. 
It crystallizes from aqueous solutions in 
regular hexagonal plates. The compound 
is poorly soluble in water— to the e.xtent 
of about 7 mgm. per milliliter. It is 
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readily soluble in alkalies, in alcohol, 
ether acetone, chloroform and benzine. 
Bemegride melts at 127®C. and sublimes 
under a reduced pressure of 2 mm. Hg 
to form rosettes or platelets. Aqueous so- 
lutions are neutral in reaction. Tlie drug 
is soluble in normal saline. It is stable to 
autoclaving at 115°C. for thirty minutes. 
Bemegiide is dispensed in sealed am- 
pulses as a solution containing 50 mgm. 
per ml. The drug is stable. Solutions in 
normal saline are liable to crystallize if 
stored in a cool place, since the drug is 
almost a saturated solution. The ultra- 
violet absorption of bemegride in am- 
moniacal solution shows a maximum ul- 
traviolet absorption at 230 my. 

Metabolism 

Tlie exact fate of bemegride in the 


body is not known. A hydro.ty derivative 
rvilh the oxygen entering the ethyl group 
In the carbon attached to the beta car- 
bon is found in the urine. This derivative 
melts at OO^C. and gives a positive reac- 
tion with iodoform. Tlie ultra-violet ab- 
sorption curve of this compound corre- 
sponds with that of bemegride (Megi- 
mide). 

Aminopiienazole (Daptazole) 

Totally unallied to any of the previ- 
ously mentioned compounds is a phen- 
ylthiazole derivative known by the ge- 
neric name of amiphenazole (DAFT, 
Daptazole, Phenamzole, Phenamizole) 
(Table IV.24). The compound is 2, 4 di- 
amino 5 phenyl diazole. It is prepared by 
reacting thiourea with alpha cyano- 
benzyl benzene sulphonide in acetone. 
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The substance is a base which fonns 
salts among wluch are the liydrobro- 
mide, hydrochloride, the picrate and the 
benzenesulpbonate. This is usually pre- 
pared in the form of a hydrobromide or 
hydrochloride. The base forms flakes 
from water or dilute alcohol which turns 
brown on standing in air. The hydrobro- 
mide forms prisms from water which de- 
compose at 250°C. The salts are freely 
soluble in hot water and moderately so 
in cold. Daptazole is a weak barbiturate 
antagonist and helioved to he a synergist 
to bemegride. The British have used it 
extensively with bemegride because they 
feel that it reduces the possibility of 
convulsions. 

Sodium Succinate 
Vroperties 

Sodium succinate is a disodium salt, 
since succinic acid has two carboxyl 
groups. It forms a hexahydrate which 
loses it water at 120*C. The anhydrous 
salt is soluble in 5 parts oE water and in- 
soluble in alcohol. Tlie aqueous solution 
is neutral or slightly alkaline. A 3055 
aqueous solution is used intravenously 
as an analeptic. 

Mode of Action 

Quastel and Wheatly observed that 
barbiturates inhibit the utilization of glu- 
cose, lactate acid pyruvate but not of 
succinate by brain tissue in vitro, Tau- 
benhaus and Soskin reported that so- 
dium succinate was an effective antidote 
against pentobarbital in rats. This ob- 
servation initiated a series of studies by 
other workers in both animals and man. 
Other dicarboj^lic acids were also stud- 
ied, such as fumaric and malonic adds. 
Numerous reports of clinical use of these 
acids, and, particularly of sodium suc- 
cinate in baibiturate coma, describe dis- 


appointing results. In vitro, however, 
sodium succinate prevents the depres- 
sion of oxygen consumption induced by 
pentobarbital. 

The beneficial results which have been 
reported by some workers could possi- 
bly be ascribed to tlie diuretic effect in- 
duced by the large quantities of salt 
generally employed. Others feel that the 
drug does not have ready access to the 
neurons when injected because it is me- 
tabolized or diverted to other cells, 

PHYSICAL STIMULATION 

Physical stimulation has been used in 
one form or another to attempt to cause 
arousal. Heat, cold, electricity, pain and 
pressure have all been tried at one lime 
or another with obviously poor results. 
Among these methods electrical stimula- 
tion deserves some consideration since it 
is a relatively new method. 

Electrical Stimulation 

Non-convulsive electrical stimulation 
using the Rieter apparatus has been ad- 
vocated for the treatment of barbiturate 
coma. A unidirectional pulsatile current 
ranging up to 20 millivolts intensity with 
a frequency of 30-40 cycles per second 
is directed into the skmll through 1" cir- 
cular electrodes placed in the temporal 
regions on the skin. A ripple with a fre- 
quency of 100 cycles per second is su- 
perimposed on the pulses. Careful study 
of tliis technique reveals that augmenta- 
tion of respiratory minute volume de- 
pends upon activation of tlie peripheral 
nerves. Wakening time is not shortened 
nor is protection afforded against lethal 
doses of barbiturates by this technique. 
Any apparent beneficial effects which 
are obtained are due to stimulation of 
the sensory nerves pen'pherafly. The 
blood levels remain unchanged. 
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SOURCES OF IMPURITIES 

T ub oted for absolutely pure anes- 
tlielic drugs, is recognized and ap- 
parent to everyone. Impurities in drugs 
may be divided into three classes: (1) 
those which are formed or introduced 
during the manufacture of the product; 
(2) those which result from deterioration 
of the drug during storage; and (3) those 
which result from contamination or de- 
terioration after breaking the seal. 

Impurities from Manufacture 
Formation of impurities during manu- 
facture of a drug may be unavoidable. 
Reliable manufacturers employ the 
purest reagents and raw materials in 
processing their wares. Raw materials of 
an inferior grade or impure reagents may 
favor side reactions which result in the 
formation of impure substances. Un- 
avoidable minor side reactions may par- 
allel the main reaction during the manu- 
facture of a drug even though tire purest 
of reagents are used and the utmost care 
is exercised to prevent their occurrence. 
Oxidation, reduction, hydrolysis and 
other side reactions cannot always be 
avoided. In cases where undesirable 
substances do form, after all precautions 
have been taken, such substances must 
be removed by appropriate methods of 
purification after the synthesis is com- 
plete. Accidental contamination during 
packing may include substances which 


favor deterioration during storage, Tims, 
clinicians can rely only upon the integ- 
rity, honesty, and conscientiousness of 
the manufacturers and their willingness 
to conform to regulations imposed by 
governmental agencies for assurances of 
purity. 

iMPURITtES DeVELOPINC DurINC 

Storage 

Deterioration during storage may be 
caused or accelerated by the action of 
physical agents, such as light, heat, and 
cold. Chemical clianges caused by such 
processes as oxidation, reduction, hydrol- 
ysis, polymerizations and tautomerism 
may be responsible for impurities. Man- 
ufacturers pack drugs in containers 
which exclude light and air to insure the 
stability of drugs. Preservatives and sta- 
bilizers are often added to inhibit tlie 
formation of noxious substances, and to 
prevent deterioration during long pe- 
riods of storage. Protection of ether from 
oxidation by contact with metallic cop- 
per, the alkalizing of divinyl ether with 
organic amines and the addition of bi- 
sulphite to epinephrine as a stabilizer are 
examples of such methods of preserva- 
tion. The addition of bacteriostatic 
agents or heat sterilization is often nec- 
essary to prevent clianges caused by bac- 
teria, molds and fungi. In cases where 
deterioration is unavoidable and diflScult 
to control, even under ideal conditions. 
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the package is dated and the purity of 
the drug is not assured by the manufac- 
turer beyond the expiration date. Vinyl 
ether, for example, is a dated product. 

Impurities After Breaking the Seal 

One of the commonest sources of diffi- 
culties concerning impurities results 
from the contamination of pure drugs by 
thoughtless consumers. Drugs may be 
transferred from the container to un- 
clean receptacles. Drugs affected by 
light are left in transparent containers. 
Unstable substances may be inadver- 
tently boiled and heated. Afany barbitu- 
rates, for example, are unstable if heated. 
Aqueous solutions deteriorate if allowed 
to stand. Easily oxidizable or hydro- 
scopic drugs may be exposed unneces- 
sarily to air. Soda lime causes deteriora- 
tion of certain halogenated compounds. 
Trichlorethylene, for example, breaks 
down in the presence of alkali. Tribrom- 
ethanol, for example, may be affected 
by highly alkaline water. Tap water may 
be used instead of the distilled product 
to form aqueous solutions. Some physi- 
cians are indifferent to the ejqjiralion 
date and use drugs beyond dates on the 
package. 

STANDARDS OF PURITY 

Medical and pharmaceutical societies 
have taken the initiative and formulated 
standards for the purity and composi- 
tion of drugs. Three publications are 
available which list data on drugs ac- 
cepted for clinical use in the United 
States to which the physician may refer, 
Tliese are the Pharmacopoeia, the Na- 
tional Formularj', and New and Non- 
official Remedies.^ Drugs listed in the 
Pharmacopoeia are referred to as officiaL 
However, this does not indicate that 
the standards formulated in tlie publica- 

• Now kno'\n an New and Non-official Dni^ 


tion are under supervision of the Fed- 
eral Government. Drugs, in all three 
compendiums, are referred to by tlieir 
generic name and not the proprietary. 
Thus, Pontacaine which is a proprietary 
name is described under the listing of 
tetracaine. The latter is its generic name. 

The United States Pharmacopoeia 
(U.S.P.) 

The United States Pharmacopoeia 
hsts recognized uses, doses, standards of 
purity, data on stability, strength of 
preparations and the nomenclature for 
drugs and medicinal chemicals used in 
therapeutics in the United States and its 
possessions. In it are also included tests 
for identify, quality, and purity of these 
substances. The Pharmacopoeia pro- 
vides the basis for uniformity of physi- 
cal and chemicn] properties of drugs. 
Substances labeled “U.S.P.” must meet 
the requirements of the Pharmacopoeias 
Standards are formulated by members of 
the United States Pharmacopoeial Con- 
vention which meets every five years 
(formerly ten). At this time, preparations 
are added or deleted from the Pharma- 
copoeia according to their general usage 
by the medical profession. A supplement 
is published during the interim if new 
important drugs warrant inclusion. The 
Pharmacopoeial Convention is a private 
body composed of representatives of 
medical and pharmacy schools, chemical 
societies and other scientific groups. 
Other countries besides the United 
States also have established pharmaco- 
poeias. 

The National Formulary (N.F.) 

Important drugs used in a limited ex- 
tent, which are not included in the 
Pharmacopoeia, are listed in the 'Na- 
tional Formulartj (N.F.). The standards 
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included in this publication are formu- 
lated by a committee appointed by the 
Council of the American Pharmaceutical 
Association, The scope of the National 
Formulary is similar to that of the Phar- 
macopoeia. The two organizations >vork 
together in comprising standards. Eevi- 
sions also are made every five years. 
Drugs which are included in tlie U.SJ*, 
which are supplanted by other drugs but 
are still used and are not discarded en- 
tirely are included in the N.F, Such 
drugs likewise are considered ofiicial. 

New AND Nonofficial Remedies 
(N.N.R.> 

The Council on Pharmacy and Chem- 
istry was established in 1905 by the 
American Medical Association to pro- 
vide authoritative and unbiased informa- 
tion on drugs. Its annual official publica- 
tion, New and Nonofficial Remedies, in- 
cludes acceptable drugs which are not 
listed in the U.S.P. or N.F. Standards of 
purity, uses, dosages, liazards and tests 
are compiled and published by this or- 
ganization. Drugs acceptable by and in- 
cluded in this publication arc labeled 
‘'N.N.Ry 

Each organization outlines standards 
of pimity, methods of identification and 
tests for purity in its publication. Al- 
though many of the described tests are 
simple from the chemist’s point of vierv, 
they are elaborate or too time-consum- 
ing from the clinician s standpoint. Inter- 
pretation of tests is often in the xeahn of 
a skilled analytical chemist. The clini- 
cian should, however, be aware of the 
standards required. 

Federal Regulatory Agencies 

Federal regulatory agencies enforce 
statutes pertaining to drugs. The Food 

• No'v I-ibeled N N D. 


and Drug Administration is part of the 
Department of Health, Education and 
Welfare. It is charged with the enforce- 
ment of the Federal Food, Drug and Cos- 
metic Act which is designed to regulate 
the labeling of drugs products. The Pub- 
lic Health Service, also part of the De- 
partment of Health, Education and Wel- 
fare, exercises control over biologic prod- 
ucts. The Division of Biologies Control 
of the National Institutes of Health li- 
censes establishments producing vac- 
cines, serum and other biologic products. 
The Federal Trade Commission has con- 
trol over advertisement pertaining to 
foods, drugs and cosmetics. It has the 
power to prevent the dissemination of 
false information and misleading adver- 
tisements of drugs to the general public. 
Tlie Bureau of Narcotics of the United 
States Treasury Department administers 
the Harrison Narcotic Act which is part 
of the Internal Revenue Code. The Har- 
rison Narcotic Act is a tax measure by 
virtue of which rigid controls are e.xer- 
cised over the transportation and distri- 
bution of narcotic drugs. The Post Office 
Department indirectly exercises control 
over drugs by enforcing the Fraud Sec- 
tion of the law pertaining to the Fraudu- 
lent use of the mails. 

Under authority of the Federal Drug 
and Cosmetic Act the United States 
Pharmacopoeia and the National For- 
mulary are official compendiums for the 
products they list and describe. Drugs 
must meet tlie standards set forth in 
these publications. New drugs cannot be 
released for sale for prescription by 
physicians without autliorization of the 
Food and Drug Administration. Chemi- 
cal, pharmacological and clinical investi- 
gational data must be submitted to this 
agency before a new drug is released for 
use. 
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ASSAY OF DRUGS 
Single tests which are specific and 
promptly identify a certain chemical 
substance without further analysis are 
few. Usually one must perform a series 
of tests when identifying chemical sub- 
stances and draw conclusions regarding 
their nature by deduction. Tests for 
drugs may be grouped into three classes 
—physical, chemical and biological. It 
may be necessary to perform one or sev- 
eral of each type of test before a com- 
pound is identified. 

Physical Methods of Assay 
Determination of Boiltnc Point 
The boiling point helps identify a liq- 
uid and establish its purity. This is de- 
termined by the macro or micro tech- 
nique. In the former the method of 
simple distillation is used. The micro 
method embodies the well known tech- 
nique of using a capillary tube inverted 
in another tube of somewhat larger di- 
ameter containing tlie liquid. The vapor 
in the smaller tube bubbles through the 
liquid in the larger tube at the boiling 
point (Fig. 1.23). One may refer to 
standard texts on organic chemistry or to 
the Pharmacopoeia for the exact tech- 
nique of both determinations. The boil- 
ing point of a pure compound does not 
vary if the atmospheric pressure is con- 
stant. However, if an impurity is pres- 
ent, or another liquid is mixed with it, 
the boiling point is lowered. 

Determination of Melting Point 
The melting point is an index of purity 
of solids. Tlie melting point of a mixture 
of two dissimilar compounds each hav- 
ing different melting points is lower than 
that of the higher melting compound. 
The melting point of a substance is easily 



Fig. 1.25. Micro determifi.i- 
tion of boiling point. Capillary 
tube sealed at one end is im- 
mersed ^vith open end do^vn- 
ward into a drop of the liquid. 
At boiling point of the liquid, 
bubbles of vapor escape from 
the immersed end. 


determined by shaking one or two crys- 
tals of the substance into the bottom of 
a thin walled capillary tube which is 
sealed at one end. The tube is placed 
next to the bulb of a thermometer (Fig. 
2.25) and both are immersed in a baA 
of sulphuric or phosphoric acid. The 
temperature of the bath is gradually 
raised until the crystals melt. Melting 
points of pure substances are sliarp. The 
substance becomes fluid abruptly. Mix- 
tures melt gradually as the critical point 
is reached. 

Determination of Solidification 
Point 

The solidification point is an index of 
purity and helps identify oils, waxes, or 
fats which are fluid or semisolid at ordi- 
nary temperatures. Determination of so- 
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Suspension of liquid or solid particles 
in a liquid causes turbidity. The deter- 
mination of the degree of turbidity in a 
liquid is frequently an index of purity 
and a criterion for identification. Sus- 
pended solid particles and insoluble liq- 
uids may be separated by centrifugation. 
TTio amount of sediment may be esti- 
mated volumetrically in a graduated 
tube or gravimetrically by filtration and 
dr)'ing. Certain liquids and solutions re- 
main turbid after centrifugation because 
the particles cannot be separated. In this 
case the degree of turbidity may be de- 
termined by using an instrument known 
as a turhidometer. Tliis measures the de- 
gree of transmission of light through the 
mixture. 

DETERMrSATlON OF SfECIFIC Gr-^NTTY 

The specific gracity of a substance is a 
Fic. 2.2S Apparatus for dcterminabor. constant value and is, therefore, an ex- 

0 me ting point. cellent fnde.x of purity. The specific ^av- 

ity is defined as the weight of a given 
Udification point is equivalent to the de- volume of a substance compared with 

termination of melting point, the weight of an equal volume of water 

at a given temperature. Specific gravity 
Petermlvation of No^•^'oI.ATTLE be determined by a number of 

Residues methods. The simplest methods measure 

Pure liquids evaporate to dryness the buo)’ant effects of h'quids. A hy- 
without residues. The presence of a resi- dromeler may be used for this purpose, 
due indicates that the substance is im- More accurate determinations may be 
pure. Some drugs have an allowable per performed by use of a Westphal balance. 
cent of residues. The quantitative esli- Tliis measures the change in weight of 
mation of a residvje is easily carried out. an object submerged in a liquid. Ex- 
A measured amount of a liquid is evapo- tremely accurate determinations of the 
rated to dryness in a clean, flat dish over specific gravity of h’quids require the use 
warm water or in an oil bath or in a of a pycnometer. A p}’cnometer is a glass 
current of filtered air. Residues are either vessel whose volume can be precisely 
non-volatile liquids or solids. Frequently, controlled. This is filled with the liquid 
the impurity may possseses an odor not in question and weighed. The weight is 
easily detected in the drug but apparent then compared w’ith the weight of an 
in the residue after evaporation. equal volume of pure water. Specific 
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gravity varies ^vith temperature so com- 
parisons must be made under identical 
conditions. 

Determtsation of Refractive Index 
The index of refraction is a reliable 
guide to the purity of a drug. Refraction 
is due to the bending of rays of light. A 
ray of light passing, at an angle, from 
one transparent medium to another 
denser transparent medium is bent to- 
wards the perpendicular at the point of 
incidence {Chap. 7). If a ray passes from 
air into water, it is bent towards the 
perpendicular as it traverses the water. 
This is due to the fact that light travels 
at different rates of speed in tliese media. 
The speed is greater in the rarer medium. 
The reverse occurs as light passes from a 
dense to a rarer medium. The ratio of 
the velocity of light in air to that in 
water is known as the index of refraC' 
tion for air and water. The ratio is 4 to 3 
for air to water, or an index of 1:33. The 
index varies for each different substance. 
The index of refraction may be deter- 
mined for any transparent substance, 
whether it be a gas, liquid, or a solid, by 
an instrument kno^vn as a refractometer. 
Several t)’pes of refractometers are avail- 
able. One type, kno^vn as tlie Abbe re- 
fractometer, is usually employed for as- 
say of drugs. For further details concern- 
ing refractometers the reader is referred 
to the textbooks of physics and chem- 
istry or to the appendix in the United 
States Pharmacopoeia. 

Determination of Optical Acminr 
Nature of Optical Activity 
Light may be plane polarized. The 
ability of a chemical substance to rotate 
plane polarized light is another physical 
factor ^vhich is often used to identify 
and establish the purity of a drug. Many 


organic compounds rotate plane polar- 
ized light to the left or right depending 
upon the configuration of the molecule. 
Substances which rotate plane polarized 
light to the left are knovTi as leva com- 
pounds. This property is indicated by 
placing an “1” before the name of the 
compound. Dextro compounds— those 
which rotate the plane of light to the 
right— are designated by a “d”. A mix- 
ture of equal parts of a dextro and levo 
compound has no optical activity since 
the rotation of one neutralizes the rota- 
tion of the other. One refers to such as a 
racemic compound. Atropine, for exam- 
ple, contains equal portions of dextro 
and levo hyoscyamine. The substance is 
optically inactive and is, therefore, race- 
mic. 

The Polarimeter 

The angle through which the plane of 
light is rotated is a fixed value for a given 
chemical compound. This angle may be 
measured with an instrument known as 
a polarimeter (Fig. 3.25). The principle 
involved in the use of this instrument is 
as follows: Ordinary' light rays are vi- 
brations which are propagated in all 
planes perpendicular to the source of 
propagation. If such a ray of light passes 
through a crystal of calcite (natural, 
transparent calcium carbonate) it divides 
into two rays vibrating in different 
planes, each perpendicular to the other. 
As these rays pass through the crystal, 
both are bent but one more than the 
other. One of these, the one bent most, 
is called the ordinary ray; the other 
is called the extraordinary raij. If two tri- 
angular pieces of calcite are cemented 
together svith balsam they form a rectan- 
gular prism known as a Nicol prism (Fig. 
3.25). If both of these rays are passed 
through a Nicol prism, the ordinary ray, 
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Fic. 3.25. Diagrammatic representation of a polartscope, (A) Nicol prism for polarteing light. 
(B) Quartz screen. (C) Tube containing solution to be examined. (D) Second Nicol prism. (E) 
Eye piece, (a) Ray of light entering prism. Ray is broken into two ra)'s, the extraordinarj' ray 
(b) whicdi passes on into instrument and ordinary ray (c) which passes to the side and is al> 
soibed by the side of the tube containing the prism. 

oa emerging from the first half of the zing a sodium compound in a flame. The 
prism, is reflected hy the balsam cement* light from a sodium flame corresponds to 
ing the crystals towards the side of the the D line of the spectrum. In designat- 
tube holding the prism. It is then ab* ingopticalactivity thewavelengthofthe 
sorbed by the wall of the tube. The cx- light used in the determination is noted, 
traordinary ray is vibrating in one single The angle of rotation is influenced by the 
plane. It, tlierefore, passes on through length of the tube, and by the tempera* 
both halves of the prism. ture and the concentration of the solu- 

tion. Therefore, conditions for deterrain- 
Techntqm of rohrimetnj i„g opij^a) sbmM 

Optically-active substances may be ized. The linear distance tlirough which 
dissolved and transferred to a transpar- the L'ght rays must traverse is usually 
ent container which is placed behind a limited to one decimeter. Distilled water 
calcite crystal. As the plane of polarized is the solvent of choice. Water insoluble 
light passes through the solution, it is ro- substances, however, are dissolved in al* 
tated at an angle which varies from to cohol or chloroform. One gram of the 
180^, depending upon its molecular con- substance is dissolved in one cubic cen* 
figuration. Tliis angle of rotation may be timeter of distilled water. The usual 
measured by placing a second Nicol temperature is 25®C. In designating the 
prism, behind the solution. This second degree of optical rotation, it is custom- 
crystal which is actually an eyepiece can ary to mention the conditions under 
be rotated. As this second prism is ro- which the measurement was made 
tated, the ray ol Tight, which became «»•* — 95°. 
visible when the solution was interposed ® 
between the two crystals, appears once Mutarofation 

more. The angle of rotation of the eye- Tlie degree of rotation of some chemi- 
piece is equal to the rotation of the plane cals varies and changes with the age of 
of light caused by the chemical. The en- the solution. Freshly prepared solutions 
tire instrument is constructed in the form possess different rotations from those 
of a tube. whidx have been standing for some time. 

The angle of rotation is designated by A gradual change occurs until a fixed 
the Greek letter a (alpha). Tlie source of and constant value is attained. This phe- 
light must be monoc/iromaric— i. e., it nomenon of changing of the degree of 
mustprovideraysofasinglewavclenglh. rotation, known as mufarofntion, is ex- 
Ordinarily, light emitted by a sodium plained as follows: In a freshly prepared 
flame is used. This is obtained by voIalUi- solution of an optically active substance a 
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mixture of two optical isomers exists, 
one of which predominates in amount 
over the other. After standing for some 
time some of one type reverts to the other 
until an equilibriiun is established after 
which the value remains constant. 

Asymmetric Carbon Atoms 

Optical rotation is due to the presence 
of an asymmetric carbon atom in a mo- 
lecular structure. An asymmetric carbon 
atom is one which has all of its valences 
satisfied by totally dissimilar radicals. A 
carbon atom having two similar radicals, 
as, for example, two hydrogen atoms, is 
not asymmetric and, therefore, possesses 
no optical activity. Chloroform does not 
possess optical activity because three 
chlorine atoms are present on one car- 
bon atom. On the other hand, lactic acid 
is optically active because each of the 
radicals upon the <z carbon atom is dif- 
ferent. The following formulas of each 
of the compounds mentioned illustrates 
this point. 

Cl OH 

H— C— Cl CH,— C— H 

1 I 

Cl COOJI 

Two asymmetric carbon atoms may be 
joined together, as in the case of tartaric 
acid. In this case one may neutralize the 
optical activity of the other and the com- 
pound is optically inactive. In this case 
the compound is identified by the prefix 
meso. Therefore, four types of com- 
pounds with asymmetric carbon atoms 
are possible— dextro, levo, racemic and 
meso. 

Determixation of Viscosity 
Viscosity is also a physical constant 
which may be used as an index of purity 
and for identification. Viscosity, whic^ 


may be defined as the degree of fluidity, 
is expressed by a unit known as the 
poise (Chap. 2). This unit is too large to 
express usual values. It is customary, 
therefore, in chemical studies to speak of 
a smaller unit or centapoise (1/100 
poise). Viscosity is determined by means 
of an instrument known as a viscosime- 
ter. The U.S.P. refers to viscosity in 
terms of stokes (Chap. 2). Viscosity, as is 
the case with specific gravity and index 
of refraction, varies with temperatiue. 
Therefore, when comparisons are made 
or values are expressed they should al- 
ways be at a stated temperature. 

Chemical Methods of Assay 
Grouping of Compounds 
Specific tests winch immediately iden- 
tify a chemical substance are few and 
far between. Most compounds, there- 
fore, must be subjected to a systemic 
plan of testing which rules out the pres- 
ence of or identifies certain groupings 
and side chains on a molecule and serves 
to place the compound in a given cate- 
gory. It would be impossible, in a discus- 
sion such as this, to go into details and 
mention anything more than the salient 
features of this subject. The compound 
is first identified as being organic or in- 
organic. If organic the elements other 
than carbon, hydrogen and oxygen may 
be identified by fusing the compound 
with sodium. Nitrogen forms cyanides, 
sulphur forms sulphides and the halogens 
form halides by such treatment. The com- 
pound is then studied from the stand- 
point of solubility and reactivity. Its be- 
havior towards oxidation, reduction, hy- 
drolysis, esterfication, halogenation and 
so on is studied. The presence of specific 
groups, such as the aldehyde, ketone, 
amine and so on is determined. This data 
together with physical properties, such as 
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boiling point or melting point, appear- 
ance, and odor, give clues as to grouping 
or type. 

Importance of SoLoniLriT 

Solubility in various solvents provides 
important clues in regards to grouping. 
Aldehyde, alcohols and esters are water 
soluble. Hydrocarbons and compounds 
related to hydrocarbons are soluble in 
organic solvents. Tlie degree of alkalin- 
ity or acidity also yields important data 
and should always be determined. Tire 
solubility in acids, bases and solutions of 
electrolytes also yields essential informa- 
tion. Salts are usually more soluble in 
water than are the organic acids or bases 
from which they are derived. The barbit- 
urates and tlie local anesthetics are ex- 
amples of such behavior. 

Alraloidal Ucaccnts 

Alkaloids and chemically allied syn- 
tlietic substances form precipitates with 
certain reagents called alkaloidal re- 
agents, or with alkalies. Alkaloidal re- 
agents are solutions of complex salts ol 
heavy and rare metals, such as gold, sil- 
ver, tungsten, mercury and so on. These 
reagents form precipitates with this type 
of compound which can be identified ei- 
ther by color or crystalline structure. 
These reagents are described along with 
the alkaloids in Chapter 16. 

CimOMATOCRAPIIIC PjROCEOimES 

Chromatography makes possible the 
separation and identification of constitu- 
ents of a mixture that may be present in 
very small quantities. Extremely small 
samples may be used— as for example a 
single drop. The separation is achieved 
by the aid of two physical phenomraion 
^adsorption and partition. Two tedi- 
niques may be employed— column chro- 
matography and paper chromatography. 


In column chromatography a glass cylin- 
der is filled with an adsorbent, such as 
silica gel or aluminum oxide. This is 
more tedious and used less often. In 
paper chromatography die fibres of a 
strip of paper serve as the adsorbing 
agent. Partition involves the distribution 
of a dissolved substance between two im- 
miscible liquids. One of these liquids is 
the moisture in the paper; the other is 
some solvent which is selected which is 
not miscible with water. In paper chro- 
matography a drop of the solution is 
placed on a strip of paper and allowed to 
dry. The strip of paper is suspended verti- 
cally in a sealed chamber with one end 
dipped in a solvent. The solvent tra- 
verses the strip by capillary action. 
\V!ien the sample spot is encountered 
the solvent dissolves the constituents of 
the spot. A constituent whidi is ex- 
tremely soluble in the solvent and has a 
low adsorptive affinity for the fibres of 
the cellulose of the paper dissolves 
quickly and moves along with the sol- 
vent. Constituents which have a high 
adsorptive capacity for the cellulose fi- 
bres, a low solubility in the solvent and 
a liigh affinity for the moisture in the pa- 
per remain in the area. Thus, the constit- 
uents in the spot move at different rates 
depending upon tlieir relative solubility 
in tlie selected solvent and moisture and 
llieir odsorbabilily. The spot, therefore, 
moves down the paper and is separated 
into isolated spots at different areas on 
the paper. After separation, the paper 
with the spot, referred to as a chromato- 
gram, is dried. Colorless constituents are 
made visible by treating with reagents 
which produce colored products or by 
viewing under ultra-violet light. If an 
electric current is passed through the 
paper the resolving power is increased. 
This is kno>vn as paper electrophoresis. 
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Colorimetric am) Photometric 
Methods 

As in the case of identification and 
quantitative determination of gases 
(Chap. 7) solids dissolved in liquids or 
liquids dispersed in other liquids absorb 
radiant energy. This energy may be visi- 
ble light of different wave lengths which 
may be quantitatively determined by a 
colorimeter or it may be invisible radia- 
tion, such as ultra-violet light or infra- 
red rays. A compound may selectively 
absorb ultra-violet light of a given wave 
length. Tliis property serves to identify 
it as well as to quantitatively determine 
the concentration present. Thiopental, 
for example, behaves in this manner and 
selectively absorbs ultra-violet light of a 
given wave length. 

A device which measures the intensity 
of a beam of liglit transmitted through 
a substance is known as a photometer. A 
spectrometer is a device for producing 
colored light. When combined with a 
photometer it is called a spectrophotom- 
eter. tlie combination is used to 

emit and measure the absorption of light 
of a single wave length it is called a 
monochromometer. ^Vhen invisible radia- 
tion is used (ultra-violet light) the sub- 
stance absorbs the energy and limits visi- 
ble light or fluorescence. The intensity 
of this emitted visible radiation is meas- 
ured with a fiuorometer. Inorganic sub- 
stances may be identified and measured 
quantitatively by means of a fame pho- 
tometer. The substance is introduced at 
a constant rate into a hot flame and the 
intensity of the light emitted is meas- 
ured by a spectrophotometer. These de- 
vices, therefore, are useful in establish- 
ing the identity of chemical compounds 
and determining whether or not foreign 
substances are present. 


Preparatiox of Derivatives 
After all the physical and chemical 
data have been collected and assembled, 
the identity of the substance may be 
confirmed by preparing a derivative. Pre- 
paring a derivative consists of converting 
the substance to another product by 
some method of synthesis. Ethyl alco- 
hol, for example, may be esterified with 
acetic acid and converted to its ester, 
ethyl acetate. This can be identified by 
its physical properties. 

Isolation of Impurities 
Reagents and test solutions are usually 
prepared using water as the solvent. 
\Vlien the drug and the test chemicals 
are not soluble in water, solvents, such 
as alcohol, ether, and benzine and so on 
are used. When the suspected impurity 
is soluble in water but the drug contain- 
ing It is not, the specimen may be ex- 
tracted with water. Thus, when ether is 
tested for impurities, it is shaken ^vith 
water in which it is relatively insoluble. 
Acids, peroxides, and aldehydes which 
constitute the important impurities, pass 
into the aqueous layer to which the re- 
agents for their detection are added. 

Testing for Ionizable Substances 
Inorganic ions are detected by tests 
which are, by and large, specific. An 
aqueous solution of barium chloride 
yields a heavy white precipitate when 
added to solutions containing sulphate 
ions due to the formation of insoluble 
barium sulphate. Silver nitrate in con- 
centrated nitric acid yields white or yel- 
low precipitates when added to solutions 
containing halide ions. The chlorides, 
bromides, and iodides of silver are in- 
soluble in nitric acid. Phosphates may be 
delected by using a magnesium and am- 
monium chloride reagent to form the in- 
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soluble magnesium phosphate. Carbon- 
ate ion and carbonic acid are delected 
by using saturated barium or calcium 
hydroxide solutions. A white precipitate 
of the carbonate forms. The alkaline 
earth metals are detected by the addition 
of the sulphate ion. Barium, calcium, and 
strontium sulphates are insoluble and 
form white precipitates. The heavy 
metals, such as silver, copper, and mer- 
cury, are precipitated b}' bubbling hy- 
drogen sulphide through aqueous solu- 
tions containing the ions. The black pre- 
cipitates which form are the sulphides 
of these metals. Iron, zinc, manganese, 
and cobalt also produce insoluble sul- 
phides. 

Biological Assay 

In some cases it Is not possible to 
Identify tlie drug by chemical methods 
because no specific method is available 
or because of complexity in structure. 
Certain such unidentifiable substances 
possess physiological actions which char- 
acterize the drug. These tests are carried 
out on pieces of living tissues, frogs, and 
various intact laboratory animals. Such 
responses as contraction of smooth mus- 
cle strips, slowing of the heart rate, rais- 
ing of the blood pressure, stimulation of 
respiration and production of convul- 


sions, are used to estimate the amount oi 
active substance in a preparation or to 
detect tlie presence of undesired sub- 
stances. Sometimes it is impossible to 
determine the quantity in units of 
weight or volume, such as milligrams or 
milliliters. Tlie quantity is then ex- 
pressed in units. A unit is the amount re- 
quired to produce a certain physiological 
effect under a certain set of standardized 
conditions. For instance, quantities oi 
pituitrin are expressed in units. A unit is 
the amount required to raise the blood 
pressure of a dog to 30X of its control level 
In a certain number of minutes, The exact 
amount of the principle in grams in the 
dry gland is not known. The dose of 
curare was expressed in units prior to the 
isolation of the pure alkaloid, tubocura- 
line. The physiological test known as the 
head drop crossover technique was used 
for ass.ay in terms of units. One unit of 
curare is equivalent to the amount of ac- 
tive principal which causes the muscles 
of a rabbit weighing 1 kg. to become 
flaccid so that tlie animal can no longer 
support tlie head. Now that tubocurarine 
has been isolated from curare and is 
available in pure form the dose is ex- 
pressed in milligrams of crystalline alka- 
loid. 



CHAPTER 26 


Flammability of Anesthetic Gases and Vapors 


THE NATUBE OF COMBUSTION 
Chemical Nature of Combustible 
Substances 

M ost anesthetics are organic sub- 
stances and most organic sub- 
stances are combustible. A substance 
must combine with oxygen to be com- 
bustible. In other words, it must be oxi- 
dizable. Most organic substances contain 
carbon, hydrogen and oxygen. Less fre- 
quently, they contain other elements 
such as sulphur, nitrogen or the halo- 
gens. The presence of carbon and hy- 
drogen favor oxidation. One must distin- 
guish between combustion and oxidation. 

All oxidations cannot be classed as com- 
bustion. The term combustion is used to 
describe the oxidation of organic mate- 
rials whose end products are carbon di- 
oxide and water. Tlie rusting of iron is 
oxidation but not combustion. Tlie con- 
version of glucose to carbon dioxide and 
water by the cells is oxidation, but not 
combustion. The rate of oxidation of a 
substance varies with its chemical nature 
and the environmental conditions. In 
everyday language, substances which 
undergo rapid, almost instantaneous, 
oxidation are referred to as fammabje. 

Anesthetists refer to the inadvertent 
combustion of flammable anesthetics as 
being either a fire or an explosion. The 
basic difference is merel}’ in the rale of 
oxidation. In a fre oxidation occurs 
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slowly. An explosion is a detonation in 
which oxidation is almost instaneous and 
the by-products and energy evolved are 
dissipated rapidly. These aspects of com- 
bustion are discussed further on. 

Substances Wincii Support 
Combustion 

A distinction must be made between a 
combustible substance and one which 
supports combustion. A substance which 
supplies the necessary oxygen for com- 
bustion supports combustion. Nitrous 
oxide, for example, supports combustion 
because it readily relinquishes its atom 
of oxygen to a substance already under- 
going oxidation. How-ever, it is not com- 
bustible because it adds additional oxy- 
gen atoms with difficulty. 

Energy Exchange Durlvg Oxidatio.v 

Oxidation of most substances, with 
rare exceptions, is accompanied by the 
evolution of heat. In other words, the re- 
action is almost always exothermic. A 
reaction accompanied by the absorption 
of heat is referred to as an endothermic 
reaction. Instances in which the union 
with O-vygen are endothermic are few. 
The formation of nitrous oxide from the 
elements is an endothermic reaction. The 
rapid evolution of heat during combus- 
tion causes luminescence and incandes- 
cence of the interacting substances and 
the evolved gases. A flame results. 
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Bv-pnoDucTS or Oxidation 

Tlie by-products of complete oxida- 
tion of organic substances composed of 
carbon, hydrogen and oxygen are water 
and carbon dioxide. Oxidation of a sub- 
stance may not always proceed to com- 
pletion, however, and partly oxidized by- 
products may form. For e.xample, the 
incomplete combustion of alcohol may 
yield aldehydes and acetic acid in vary- 
ing proportions along wdth the carbon 
dioxide and water. Tlie heat output is 
not as great. The resulting flame may be 
of low visibility and often not visible 
except in the dark. Such a flame is re- 
ferred to as “cool fame." Carbon is the 
only combustible material which yields 
only carbon dioxide when completely 
oxidized. 

^fo]ecuIes containing other elements 
besides carbon, oxygen and hydrogen 
yield a multiplicity of by-products when 
oxidized. Substances containing nitro- 
gen yield a mixture of nitrogen oxides, 
ammonia and amines in addition to car- 
bon dioxide and water. Compounds con- 
taining sulphur may yield sulphates, 
sulphites and complex mixtures of sul- 
phur oxides besides carbon dioxide and 
water. The nature of tlie resulting prod- 
ucts of such complex molecules depends 
upon general conditions, such as tem- 
perature, concentration, pressure and 
amount of available oxygen. 

Effect of Haloce,nation Upon 
Flammability 

Halogenation of organic compounds 
decreases their flammability and, in many 
cases, renders them non-flammable. The 
greater the number of halogen atoms on 
a molecule the less the flammability of a 
compound. For example, methyl chlo- 
ride (monochlormelhane) is flammable; 
dicblormethane is less so, while trichlor- 


methane (chloroform) and carbon tetra- 
chloride do not bum. Hie oxidation of 
halogenatcd compounds yields complex 
lialogenated oxides and halo acids form 
in addition to water and carbon dioxide. 

Factobs Influencing Production of 
Explosions 

A combustible substance may be a gas, 
liquid or a solid. Inhalational anesthet- 
ics are either gases or easily volatilized 
liquids. The rale of oxidation of a flam- 
mable substance depends upon the total 
number of molecules of a gas or vapor, 
the number of molecules of oxygen, how 
intimately these molecules are mixed 
with the reactants, the rapidity with 
which the released energy is dissipated 
and the degree of dilution of the react- 
ing agents with the by-products. 

A portion of ether in a beaker, for ex- 
ample, bums vigorously over a period of 
many seconds because only the surface 
molecules have access to oxygen; the 
others in the interior of the liquid do not. 
A fire results. Tlie same number of ether 
molecules vaporized and intimately 
mixed with oxygen oxidize instantane- 
ously when ignited. Theoretically, the 
energy released in each case is the same 
and the by-products which form are the 
same, but all this occurs in a far briefer 
interval of time. If the reaction occurs 
in a closed space the hot gases expand 
with violence. A solid oxidizable sub- 
stance pulverized into a dust and sus- 
pended with oxygen undergoes rapid 
oxidation. A block of wood, if ignited, 
bums gradually the liberation of 
heal, light, water and carbon dioxide. 
Tlie same block of rvood finely pulver- 
ized and suspended in air or oxygen 
explodes when ignited. 

Mixtures of flammable anesthetic 
^es and vapors in semi-closed and 
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closed inhalers are more apt to explode 
than cause a fire because they are inti- 
mately mixed with o:^'gen. The inci- 
dence of explosions has increased since 
the adoption and extensive use of closed 
inhalers. Ignition of flammable materials 
using open techniques of administration 
is more apt to cause a fire rather than 
an explosion. 

The primary requisites for an explo- 
sion are that a combustible substance 
be intimately mixed with air or oxygen. 
However, otlier factors influence the 
propagation of flames in such mixtures. 
Among these are (1) the size, shape, 
thickness and composition of the vessel 
containing the flammable mixture. (2) 
The pressure of tlie mixture. (3) The 
temperature of the mixture, of the con- 
tainer and of the environment (4) The 
percentage composition of the mixture. 
(5) The flashpoint of the combustible 
substance. (6) The ignition temperature. 
These factors are discussed further on. 

Types of Explosions 
Disintegration of ilolecules 

Explosions are not all caused by rapid 
oxidation, however. Tlie molecules of 
certain substances, such as nitroglycerin, 
for example, are so unstable that an 
internal rearrangement of atoms may 
occur. This reaction is accompanied by 
the liberation of energy and molecules 
of gases and vapors. Such a rearrange- 
ment of atoms occurs instantaneously. 
Tlie liberated gases and vapors expand 
with destructive violence. 

Detonators 

Organic compounds containing nitro- 
gen, particularly nitrites and nitrates, are 
unstable and undergo such an internal 
rearrangement of atoms. Vapors and 
gases consisting of nitrogen, nitrogen 


oxides, steam and carbon dioxide are 
liberated instantaneously, A shock-like 
external force, such as a lesser explosion 
from a cap, is required to initiate this dis- 
integration of unstable molecules. Heat, 
an electric spark or even a mechanical 
blow may initiate the change. An agent 
which initiates an explosion is referred 
to as a detonator. The cap used to ex- 
plode d)’namite and the spark which 
ignites a flammable anesthetic are deto- 
nators. 

Release of Gases at High Pressure 
Explosions may also result from pure- 
ly physical phenomenon in which no 
chemical reaction is involved. The rup- 
ture of cylinders containing compressed 
gases at high pressures is an example of 
such a phenomenon. The sudden release 
of the entrained energy in such contain- 
ers causes considerable destruction. The 
majority of explosions associated with 
anesthesia are due to ignition of com- 
bustible vapors and gases. 

FLAMES, DEFLAGRATION 
AND DETONATIONS 
Combustion is associated with the 
emission of light. The zone of combus- 
tion which emits light is referred to as a 
flame. Flames are classed as static and 
movable (or self-propagating). The flame 
of a kerosene lamp is static since the 
vaporized hydrocarbon mixes with o:^- 
gen at a given rate, at a particular zone 
close to the wick. A self-propagating 
flame is one in which the zone of oxida- 
tion advances through the flammable 
mixture. This advance may be seen if a 
transparent tube several inches in di- 
ameter, open at one end, is filled with a 
flammable mixture. A source of igni- 
tion placed at the open end causes a 
flame to develop which advances in- 
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ward and continues to tra%’cl the entire 
length of the tube. This advancing zone 
of oxidation, referred to as a front, is 
visible to the naked eye. The heal of 
combustion in the advancing front 
warms tlie adjacent layer of combustible 
mixture and initiates combustion in that 
layer. The combustion spreads forward 
in the tube from layer to layer. Such a 
self-propagating flame is often referred 
to as a deflagration. The reacting sub- 
stances in the advancing layer are con- 
verted to the final products very rap- 
idly— within 0.3 to 0.4 of a millisecond. 
The temperature of the advancing front 
is raised to 1500°C. or above. Tliis rapid 
release of energy increases both the tem- 
perature and pressure of t\\e gases. In an 
open tube the gaseous by-products 
stream backward into the atmosphere in 
the direction opposite to the propagating 
flame (Fig. 1.S6), This occurs as quickly 
as the gases expand. No pressure of great 
magnitude develops. In a closed tube the 
burned gases are unable to rush back- 
ward, Instead, they advance forward in 
the direction of the propagation of the 
flame. The expanding gases push the 
flame forward. The flame advances along 
the tube at a speed which equals the 
speed of the flame plus the speed of the 


advancing gases. When the speed of tlie 
advancing flame is very rapid, the libera- 
tion of heat in each successive forward 
layer occurs at an increased rate. The 
temperature in the advancing flame in- 
creases progressively. Tliere is insuffi- 
cient time for equalization of the pres- 
sure. The compression of these advanc- 
ing gases further augments the heating. 
The temperature rises so rapidly that it 
exceeds the ignition temperature of the 
mixture, Tlie rate of reaction, thus, be- 
comes exceptionally rapid. Ultimately, a 
zone of gases at high pressures develops. 
Tin's zone expands and sends out a wave 
which travels at supersonic speeds. This 
wave of liigh pressure gas is referred to as 
a shock tuQue (Fig. 2.26). The liberated 
gases expand with destructive violence. 
Such a violent reaction is known as a 
detonation. The propagation of a flame in 
a deflagration is not rapid. It occurs 
slowly, comparatively speaking, at rates 
of several meters per second. The speed 
of the shock waves in a detonation may 
exceed 5000 meters per second. Tem- 
peratures in a detonation are far higher 
than in a deflagration. Temperatures 
ranging from 3000-41600®C. may de- 
velop. Pressures, likewise, are higher. 
Pressures of 25 or 30 atmospheres are 
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Fjg. 1.28. The propagation of a fbme in an open tube Tlie 
gas is ignited at the open end. Hie burned gases rush 
badavard in the doreebon the anws. The flame front ahead 
of tlie reacting zone advances for^vard into the unburned gases 
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Fic. 2.26. In a closed tube the detonation wave moves at a high speed 
into the unburned gases. The burned gases advance forward in the same 
direction as the wave instead of backward as in an open tube (Fig. 1.26). 


possible if the areas of high pressure re- 
main static. If the gases in an expanding 
wave encounter an obstruction, the im- 
pact of the successive waves following 
the initial wave augments the pressure 
and enhances the violence of the detona- 
tion. 

Inttiation of Oxidation 
A chemical reaction consists of the 
interaction of atoms which ate drawn 
together by mutual attraction. Strong 
forces of attraction result in the forma- 
tion of stable molecules. Tins process of 
forming stable molecules is known as 
bonding. Energy is released when bond- 
ing occurs. In other words, the reaction 
is exothermic. Should a molecule be di- 
vided into its component parts the 
energy which was released when bond- 
ing occurred must be restored. The re- 
action, then, is an endothermic one. 
After bonding has occurred the resulting 
similar molecules tend to repel each other 
.and other molecules. Collisions of indi- 
vidual molecules are averted by this re- 
pulsion. Collisions would result in inter- 
action of the colliding molecules. 

At room temperatures the molecules 
of a flammable agent, as for example, 
ether, co-exist with those of oxygen 
without interacting. Tliey do not inter- 
act because they are kept apart by repel- 
lent forces as they approach each other. 
Some molecules in an aggregate move 


faster than others. A fast moving (high 
energy) molecule may overcome the 
force of repulsion and thereby collide 
and interact with another. Such col- 
lisions are infrequent, because, at room 
temperature, the high energy molecules 
are relatively few in number. Oxidation 
is occurring in a molecular aggregate at 
room temperature but at an extremely 
slow rate because of the fewness of fast 
moving molecules, The process may be 
accelerated by nullifying the repellent 
forces between molecules by instituting 
a state of mutual attraction. This is ac- 
complished by increasing the speed of 
the molecules reacting so that collisions 
between the ether and oxygen are more 
frequent. Energy, therefore, in the form 
of heat, must be added to the mixture. 
The proportion of high energy collisions 
rises rapidly as the temperature rises. As 
the molecules interact a regrouping and 
rebonding of atoms occurs with the sub- 
sequent formation of new products and 
a release of energy. 

Combustions are exothermic reactions; 
therefore, energy is released when the 
ether and oxygen interact. Once a suffi- 
cient number of high speed collisions has 
been provided large quantities of energy 
known as the heat of combustion are re- 
leased. Tims, energy from an external 
source knoun as the activation energy 
must be added to initiate the reaction. 
This activation energ)' is recouped from 
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the heat of combustion. The energy re- 
leased by combustion is many times 
greater than the original activating 
energy and acts as the activating energy 
for the contiguous layers of oxidizable 
mixture. As the temperature rises the 
speed of a chemical reaction is increased. 
Ordinarily it is doubled for each lO^C. 
rise ( Arrhenius’ Principle). Thus, the en- 
tire mass oxidizes almost instantly be- 
cause the resulting temperature is of 
great magnitude. 

RANGE or FLAMMABILITY 

Limits of concentrations exist for a 
particular combustible mixture above 
which and below which ignition does 
not occur, regardless of the efforts made 
to initiate the reaction. All concentra- 
tions between these limits ignite. Tlie 
per cent concentrations between these 
limits is called the range of flammabiUlij. 
The ranges of flammability for most 
combustible anesthetics have been de- 
termined in the laboratory under con- 
trolled conditions. The method, the im- 
portance and the value of the data ob- 
tained are described further on. 

Tlie lower limit of flammabiOly of 
most anesthetic gases and vapors ranges 
between 1 and 3%, The upper limit varies 
from 60 to 80^ (Table 1.26). In all in- 
stances, with the exception of Iriclilor- 
ethylene, the anesthetic concentration 
lies within the range of flammability. 


The Influence or CoNCCNTnATiON of 
Gases 

Tlie weakest mixture through whicli a 
flame propagates is called the loieer 
limit of flammabilittj. In a mixture of 
lower concentration the number of mole- 
cules of a combustible substance com- 
bining with oxygen molecules is loo few 
to heat adjacent layers of mixture to 
cause propagation of a flame. Thus, even 
though the number of oxygen molecules 
is more than adequate, the number of 
molecules of a flammable substance are 
too few to cause a reaction of any magni- 
tude. Oxidation occurs in these dilute 
concentrations but the energy released 
is insufiicicnt for self-propagation of a 
flame. 

Tlie molecules of a combustible sub- 
stance may be so numerous that they 
outnumber those of oxygen so that the 
number undergoing o.xidation is too few 
to release sufficient energy to propagate 
a flame. The concentration of flammable 
mixture above which the number of 
molecules undergoing oxidation is in- 
sufficient to propagate the flame is called 
the tipper limit of fiammabtlHy. 

Concentration of O.'XT’gen for 
Ignition 

The minimum concentration of oxy- 
gen in a mixture, likewise, is a most im- 
portant factor. No mixture, no matter 
what the concentration of combustible 


TABLE 126 


Gas 

1 Loutr Ltrml 

1 UppfT Litml 

Air 

o> 

N/) ' 

Air 

0, 

N,0 

Ethylene 1 

2 8 

2.9 

1.9 ! 

28 

80 

40 

Propylene , 














Cvclonropane ' 

2 A 

2.4 


10 

63 1 









DiTinvI ether 1 

1 7 

1 8 


27 









1 — 

Ethyl chloride 


4.0 
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Fic. 3.26. The concentration of oxygen nec- 
essary to actively support combustion plotted 
against concentration of cyclopropane and 
ether. The minimum oxygen concentration and 
the minimum of ether intersect at (A), the 
minimum of cyclopropane and o^^-gen inter- 
sect at (B). 

substance may be, forms a self-propagat- 
ing flame if the concentration of oxygen 
molecules falls below a certain value. 
The number of molecules of combustible 
substances rvhich interact with oxygen 
are then too few to heat the adjacent 
layers to cause propagation of the flame. 
The concentration of oxygen below 
which self-propagation does not occur is 
usually Jess than 10!? by volume. Curtail- 
ing the flammability of anesthetic mix- 
tures by decreasing the o^^gen content 
is not feasible clinically because the 
minimal oxygen tension necessary to 


support combustion is, in every instance, 
less than the physiological needs of the 
patient (Fig. 3.26). Besides, oxygen rich 
mixtures are necessary and desirable for 
anesthesia with most drugs. O^^gen rich 
mixtures with adequate concentrations 
of combustible substances permit rapid 
oxidation and set up ideal conditions for 
rapid propagation of flames and for 
detonations. 

IGNITION OF FLAMMABLE 
MLXTURES 

Flashpoint 

Flammable gases or vapors mixed with 
adequate amounts of ojq'gen do not ig- 
nite at extremely low temperatures 
even when exposed to vigorous sources 
of ignition. If the particular liquid from 
which a vapor is derived is gradually 
warmed a certain temperature is reached 
at which ignition occurs. However, com- 
bustion does not continue unaided when 
the ignition source is withdrawn. In other 
words, the vapor ceases to bum when 
the flame is withdraxvn. The tempera- 
ture at which a vapor first bums is re- 
ferred to as the flashpoint. The flashpoint 
is the lowest temperature at which 
enough molecules of a gas or vapor are 
present to produce an ignitable mixture 
which results in a flame when an igni- 
tion source is passed over the surface of 
a liquid. The flashpoint of most combus- 
tible anesthetics in common use is far 
below 0°C. The flashpoint of a liquid is 
not easily determined because many ex- 
traneous factors make its precise deter- 
mination difficult, if not impossible. 
ICXnrON TEArPERATUIlE 

Flashpoint must not be confused noth 
ignition temperature. Ignition tempera- 
ture is the point at which a flammable 
mixture ignites and continues to bum un- 
aided when the source of ignition (flame 
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TADLU 11 2ij 

lOMTIO.V TEMPEnATUnE OP 

Tlajimable Avestiietjcs 



In Air 

In Oxygen 

FAbylene 

400'C. 

485*0. 

Cyclopropano 

403 

454 

LtUer 

350 

301 

Divinvl Hthor 

3C0 

327 

Ethyl Chloride 

502 

4G8 


or spark) is witlidrawn. The temperature 
to which a vessel containing a flammable 
mixture must be healed before deflagra- 
tion occurs is known as the spontaneous 
ignition temperature. Tlie ignition tem- 
perature of most of the common anesthet- 
ics is between 300-500''C. (Table 11.26). 
Tlie ignition temperature is not a con- 
stant finding for a particular combustible 
substance. It varies with the type of 
spark or flame, the composition of the 
mixture, the pressure of the mixture, the 
rale of heal loss and other factors. 

Mode of Ignition 
The ignition temperature is less than 
the resultant temperature of the molec- 
ular aggregate undergoing oxidation. 
In other words, the resulting flame is 
hotter than the spark which initiates 
combustion. In a spark or flame ignition 
occurs in a highly localized area of the 
molecular aggregate. In a spark a small 
volume of the flammable muclurc is 
raised to the ignition temperature. Heal 
is released to contiguous layers sur- 
rounding the spark which in turn are 
elevated to or above the ignition tem- 
perature. Tlius, a spark or flame of very 
small volume starts a self-propagating 
flame through an entire mass of flam- 
mable mixture. The propagation con- 
tinues even after tlie ignition source has 
been extinguished or is withdrawn. The 
rate of heat loss plays an important role 
in propagation of a flame once the igni- 
tion source has been applied. If heat loss 


occurs at and is maintained at the same 
pace as heat production the process is 
referred to as isothermal oxidation. Heat 
loss may e.xceed heat production in 
which case the reaction is intenupted 
and combustion ceases. 

DETERMINATION OF LIMITS 
OF FLAMMABILITY 
Type of Appaiutus Used 

Hie limits of flammability and the ig- 
nition temperatures of a particular mix- 
ture of gases are not easily determined 
because a number of variable factors are 
involved. Tlie results of such determina- 
tions vary with conditions of the e.xperi- 
ment, such as the time required to initi- 
ate combustion, the type of equipment 
employed to make the test, and the type 
of ignition source used to initiate com- 
bustion and so on. The apparatus de- 
vised by Coward and I^art^vell (Fig. 4.26) 
fixes all variables except the composition 
of the mixture. The apparatus has been 
used to determine the range of flam- 
mability of most anesthetic mixtures. 
The apparatus consists of a glass tube 
four or five feet long and approximately 
2" in diameter. This diameter appears to 
eliminate the cooling of the reacting 
molecules by the wall of the container. 
Tubes having diameters greater than 2" 
influence the results little or not at all. 
Diameters less tlian 2" cause significant 
variations in results due to heat loss. 
Heat loss is greater in narrower tubes. 
In spheres, likewise, heat loss varies with 
size. Flame propagation is more difficult 
to establish in a small sphere than a large 
one, all other factors being constant. Tlie 
tube must be of sufficient length to per- 
mit the observer to distinguish between 
propagation and a flash and to determine 
the rate of propagation. Glass is used for 
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Fig. 4.26. Apparatus used to detennine limits of flammability of anesthetic 
mixtures. The inverted tube (a) is sealed wth gfass pfate (b) which is im- 
mersed in pool of mercury (c). The lube is evacuated with pump (t). The gas 
to be studied is admitted by turning stopcock (r) which is connected to gas 
holder. The assembly (e,f.gih) is used to equalize the pressxue in the tube with 
that of the atmosphere and to allow excess gas to escape. The pressure is de- 
termined svith the manometer (fc). Ignition source is applied to mouth of tube 
by removing (b). From Anesthesia and Anatgesia, 21:121 (June 3) 2942. (Cour- 
tesy of Drs. G. J. Thomas and G. W. Jones and Anesthesia and Analgesia.) 

the container because of its transparency develops at the moutli of tlie tube upon 
and poor heat conductivity which helps application of an ignition source. The 
to eliminate discrepancies caused by flame is extinguished upon withdrawal of 
rapid conduction of heat, such as ^vould the ignition source. IVhen the concen- 
occur if metals were used. The thermal tration falls within the limits of flamma- 
conduclivity of glass is far less than that bility, the cap is propagated the entire 
of most metals. If the concentration of a length of the tube. The rate depends 
combustible substance is not within the upon the composition of the mixtme. 
range of flammability, a cap-like flame Usually it is 4 or 5 meters per second. 
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TcatNiQUE or Testing 

Tlie apparatus is designed so that 
tests may be performed at atmospheric 
pressure and room temperature. The 
combustion lube is sealed at the top and 
open at the bottom. A stopcock is placed 
at the top for attachment of a vacuum 
pump for exhaustion of the tube, so that 
it may subsequently be filled with the 
mixture to be tested. The lower end is 
sealed by placing a plate over the mouth 
and submerging it in a vessel containing 
mercury. A thoroughly dried test mix- 
ture is introduced into the evacuated 
tube until the pressure is slightly above 
that of the atmosphere. The excess gas is 
then allowed to escape so that the pres- 
sure is equalized with that of the atmos- 
phere. The mixture is then ignited by 
lifting the tube from the mercury pool 
and removing the gas plate. A hydrogen 
flame, alcohol lamp, spark or other source 
of ignition is passed over the mouth of 
the tube. 

The position of the tube is important. 
If the tube is placed horizontally one 
set of values is obtained whOe if it is 
placed vertically, even though all other 
conditions are identical, a different set 
of values is obtained. The day to day 
variations in atmospheric pressure and 
in laboratory temperature cause no ap- 
preciable discrepancies in the results. 
Tlie type of flame used as the ignition 
source, of course, makes considerable 
difference in the results obtained. Some 
mixtures are more easily ignited by one 
type of flame than by another. A mixture 
of helium, cyclopropane and 0 }q'gen is 
less easily ignited by a spark produced 
by an electrical discharge than by a 
naked flame. 

It must be emphasized that the ranges 
of flammability have been obtained in 


the laboratory under controlled condi- 
tions, Tlie per cent composition of a 
mixture which is flammable under lab- 
oratory conditions may respond differ- 
ently to ignition sources under clinical 
conditions, 

MeASimEMENT OF Expansile Foece 
Hie pressure of the expansile force de- 
veloped during detonation of flam- 
mable mixtures in a closed space is di£B- 
cull to measure. A number of techniques 
have been devised but no one is satis- 
factory. In one technique the mixture is 
placed in a bomb of 8 liters capacity and 
ignited. The resulting pressure is meas- 
ured. Studies of this sort are not only 
difficult to undertake but yield results of 
questionable value because too many 
variable factors are involved. Jones and 
Combers found the ma.ximum pressure 
developed by a mixture of 5.5S cyclopro- 
pane and air at 25‘’C. at 742 mm. Hg 
pressure to be 98 )bs. per sq. in. above 
atmospheric. Insurmountable difficulty 
xvas encountered in measuring the pres- 
sure generated by cy’clopropane ojq'gen 
rich mixtures because of the extreme 
violence of the chemical reaction. 

THE EFFECT OF NON-OXIDIZABLE 
GASES OV. QUENCHING AGENTS 
ON FLAMMABILnY 
Mode of Acno.v of Quenchinc Agents 
Considerable data has accumulated 
concerning the quencliing or damping 
effects of non-oxidizable inert gases 
added to flammable mixtures. The pres- 
ence of nitrogen, helium or carbon di- 
oxide narrows the range of flammability. 
The lower limit is raised and the upper 
limit is lowered by the admixture of 
these agents. The effect obtained is due, 
to a great extent, to lowering the tern- 
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perature of the ignition source. In addi- 
tion, conditions are so altered that a 
higher ignition temperature is required 
to initiate oxidation. Mixtures composed 
of air and a combustible substance have 
a narrower range of flammability than 
those composed of pure oj^gen and a 
combustible substance because the nitro- 
gen acts as a quenching agent. The cool- 
ing of a spark by inert gases is due to 
either one of or a combination of two 
factors. These two factors are the molal 
heat capacity and the thermal conduc- 
thity of the quenching agent. The 
heavier the molecule of the gas the 
greater the molal heat capacity. The 
molecule of nitrogen is fourteen times 
heavier and, therefore, possesses a higher 
heat capacity than that of helium. It 
should, therefore, be more effective as a 
quenching agent than helium. However, 
the quenching effects of the two gases 
are nearly alike. This is explained by the 
fact that the thermoconducivity of heli- 
um is approximately six times greater 
than that of nitrogen. This greater con- 
ductivity compensates for the low heat 
capacity and accounts for tiie equality 
of the quenching power. Carbon dioxide 
is effective because of its high heat ca- 
pacity. However, it cannot be used be- 
cause concentrations of 5% or more are 
necessary in an anesthetic mixture to be 
effective. Such concentrations, obvious- 
ly, are impractical because deleterious 
physiologic effects would ensue. The 
concentrations of carbon dioxide ordi- 
narily inspired have no appreciable 
quenching effects. Mixtures containing 
helium are more difficult to ignite by 
electrical discharges than those contain- 
ing nitrogen. Therefore, helium possesses 
some advantage as a quenching agent 
because the majority of explosions asso- 


ciated wth anesthesia are caused by 
sparks due to static electricity. The 
lower limits of flammability are not al- 
tered by inert gases to the same extent 
and proportions as are the upper limits 
(Figs. 5.26; 6.26). The upper limits are 
reduced to a greater degree. 

Use of HELiuxr for Qoen'ciiixg 
Thomas, Jones and their associates, 
have advocated the use of helium for 
quenching. A mixture of 15% cyclopro- 
pane, 20% oxygen and 65% helium does 
not ignite. Combinations of 25% cyclo- 
propane, 25% oxygen and 50% helium or 
30, 30 and 40, likewise, do not ignite. 
Such mixtures have been recommended 
for clinical use. Although, theoretically, 
the use of such mixtures appears sound, 
clinicaJl)' they are impractical. Such mix- 
tures afford protection only during the 
maintenance phase of anesthesia pro- 
vided the concentration of gases is not 
varied. During the induction of anes- 
thesia, when the air in the breathing 
bags, tubes, cannisters and the patient’s 
lungs is being mixed with the non- 
flammable mixture, a flammable mixture 
may form as a result of the dilution. At 
the termination of anesthesia, as air is 
admitted into the apparatus and into 
the lungs dilution occurs and the mix- 
ture is brought within the flammable 
range. Ignition may occur at this time. 
Even during maintenance of anesthesia 
one is not assured of protection unless 
a leakproof system is maintained. An en- 
tirely leakproof system is not obtained 
easily at all times, as every anesthetist 
knows. Furthermore, respiratory obstruc- 
tion or some other emergency may oc- 
cur which necessitates flooding the sys- 
tem with oxj’gen. The non-flammable 
mixture, thus, will be converted to a 
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Fig 5,26. Graph illustrating range of inllaininabil)ty of ethyl ether, helium, 
oxygen mixtures. The Lne BE defines the loxwr limits of infianunability From 
Anesthesia and Analgesia. 22:121 (June) 19-42.) (Courtesy of Dr. G. J. Thomas. 
Dr. G W. Jones and Aneathcsta and Analgesia.) 


flammable one since the addition of oxy- 
gen immediately brings the concentra- 
tion into the flammable range. During an 
operation the anesthetist is concerned 
primarily with and devotes his undi- 
vided attention to the manner in which 
the patient responds to the drug being 
administered. Whether or not a flam- 
mable mixture is present often becomes 
a secondary consideration. The mixture 
the anesthetist uses in adapted to the 
patient and not tlte patient to the mix- 
ture, For this reason, tlie use of quench- 
ing agents has been found impractical 
and has not received widespread accept- 
ance as a method of preventing explo- 
sions. 


Quenoiinc Effects op Hybbocaiujon 
Gases 

Hydrocarbon gases exert some 
quenching effect also. Woodbridge and 
others noted that the upper limit of 
flammabilit)’’ of a mixture of ethylene, 
cyclopropane and oxygen is lower than 
either the limits of an ethylene-oxygen 
mixture or a cyclopropane-oxygen mix- 
ture. A similar quenching effect occurs 
when hydrogen is added to cycdopio- 
pane-o.’iygen mixtures. 

Studies of the quenching effects of 
inert gases are valuable as well as inter- 
esting. To date, however, quenching 
agents have been of little practical value 
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Fig. 6.26. Graph illustrating limits of inflammability of cyclopropane, ether, 
oxygen, and helium mixtures (From Anesthesia and Analgesia, 22:121 (June) 
1942.) (Courtesy of Dr. G. J. Thomas, Dr. G. W. Jones and Anesthesia and 
Analgesia.) 


for preventing fires and explosions dur- 
ing clinical anesthesia. 

Sources of Ignition Causing 
Anesthetic Explosions 
Flammable mixtures are ignited by 
flames, sparks or incandescent hot 
bodies. The types of ignition sources 
which initiate combustion of anesthetic 
mixtures are (1) Sparks resulting from 
discharges of static electricity. These 
cause more explosions than any other 
source of ignition. (2) Sparks from elec- 
trical equipment due to defective wiring. 


faulty plugs, motors, x-ray units, dia- 
thermy machines and so on. (3) Open 
or naked flames. Cigarettes, gas burners 
and alcohol lamps are the most common 
sources. (4) Incandescent objects, such as 
cauteries, hot filaments, heating pad 
cords, and defective bulbs in endoscopic 
instruments. (5) Percussion sparks. These 
are due to mechanical friction or to the 
striking together of ferrous objects. Iron 
and steel are notorious for causing per- 
cussion sparks. (6) Spontaneous combus- 
tion. This may result from the catalytic 
action of metals, metal oxides or the 
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presence of impurities in drugs whose 
flashpoints or ignition temperatures are 
low. (7) High temperatures resulting 
from adiabatic compression of gases 
(Chap. 1). 

STATIC ELECTRICITY 
Inasmuch as static electricity causes 
the majority of anesthetic explosions, 
this subject merits some detailed discus- 
sion. 

Natwu: of Static Electiucity 

In previous chapters it has ticen stated 
that atoms are composed of electrons, 
neutrons and protons. The electrons 
move about protons and neutrons in a 
planetar)' fashion. Electrons in the outer- 
most orbit of an atom may be detached 
from the atom giving rise to various 
physical phenomena, of svhich static 
electricity is one. When two dissimilar 
materials are placed in contact with each 
other, these detachable electrons shift 
across the interface from one body to the 
other. If the interface is viewed micro- 
scopically the active points of contact 
are seen to be few and far between, 
even though grossly the two surfaces ap- 
pear to be in intimate contact. Relatively 
speaking, the number of electrons in- 
volved in the shift from one body to the 
other is small. This is fortunate, other- 
wise, static electricity would be a 
greater problem than it The direction 
in which the electrons move depends 
upon the substance involved. For ex- 

TABLE 111.20 
Tbiboelectric Series 

Each substance becomes positively charged if rubbed 
against any suostance below it. 


Asbestos Silk 

Glass Aluminum 

Mica Paper 

Wool Cotton 

Cat’s fur Woods, iron 

Lead 


Sealing 
Ebonite 
Ni.Qi, Ag,l>ra 
Sulphur 

Pt,7fg. 

Ilubbcr 


ample, if glass is placed against sealing 
wax and both bodies are pulled apart, 
the electrons migrate from the glass to 
tlie sealing wax. In a listing known as 
the triboelectric Series (Table III.26) 
substances are arranged in the order of 
the direction of migration of electrons. 

CoNUVCTOnS AND NoN-CONDOCTOTtS 
In some substances, particularly 
metals, electrons move from atom to 
atom with ease. In others, such as those 
composed of rubber, glass or plastics, the 
molecular structure is such that the 
movement occurs with difficulty. Sub- 
stances through which electrons pass 
easily are referred to as conductors. 
Those through which passage is difBcuU 
are known as non-conrfuefors or rfi- 
electric substances. 

De\’elopment of Static Ciiauces 
The pulling apart or rubbing together 
of two dissimilar materials which are in 
intimate contact, if one or both is non- 
conductive, causes some of the electrons 
which have shifted to be trapped on one 
of tbe bodies. When both substances are 
conductors, the electrons pass back to 
their respective atomic positions before 
the separation of the two bodies is com- 
plete. None of the electrons are trapped 
(Fig. 7.26). The tendency is always to 
achieve electrical neutrality and for the 
electrons to return to their respective po- 
sitions, even though there is such an 
accumulation of electrons on a body 
when a permanent separation is at- 
tempted or achieved. The non-conduc- 
tlve nature of a substance accounts for 
the sluggishness of tlie movement and 
the separation of electrons. Thus, in the 
case of non-conductors one body ac- 
quires a surplus of electrons and one 
develops a deficiency (Fig. 8.26). 
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Fig. 756. (A) Two conductors in close approximation. 
Note that microscopic appearance would show point of 
contact at scattered intervals. Electrons have migrated 
from the upper to the lower piece. (B) The conductors 
have been pulled apart. The electrons have found their 
way hack to their original body. 


Posimx AM) NECATmS Chahces 
Since electrons are units of negative 
electricity, the body acquiring the sur- 
plus has an excess of negative electricity 
and is referred to as being negatively 
charged. The body which has a defici- 
ency of electrons is positively charged. 
^Vhetlle^ or not a body becomes posi- 
tively or negatively charged depends 
upon its chemical nature and the posi- 
tion of the substance in the triboeleclric 


Series. The number of electrons acquired 
by a body is referred to as a charge. The 
presence of a positive charge on a body 
indicates that another body has acquired 
electrons and has a negative charge. A 
charge of one sign cannot develop with- 
out the simultaneous development of 
one of opposite sign on another body. 
The trapped electrons on the negatively 
charged body ’wili pass back to the posi- 
tively charged one if given the oppor- 



Fic. 8.26. (A) Two non-coaductors in close approximation. 
Electrons have migrated from the glass to the wool. (B) 
Tlie bodies have been drawn apart, but due to the non* 
conductinty the electrons have not passed back into the 
body from which they originated. The glass is deficient 
in electrons and, therefore, positively charged. The wool 
has an excess and is, therefore, negatively charged. 
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lunity. Tliis is accomplished by placing 
a conductor between the bodies. Elec- 
trical charges separated by non-conduc- 
tors repel or attract each other and, 
therefore, exert forces on each other. As 
is the case with magnetism, charges of 
like sign repel; those of opposite sign 
attract each other. Thus, electrons on 
two negatively charged bodies tend to 
repel each other. Two charged bodies 
separated by air retain their charges be- 
cause air is a non-conducting substance 
and insulates them. 

De>'Elopment of Static CiiAncES 
Charges of electricity separated by 
non-conductors are at rest and, there- 
fore, are called static charges. A flow of 
electrons from atom to atom produces a 
current of electricity or dynamic electric- 


itij. placing a conductor between two 
static charges of opposite sign, permits 
the electrons to flow from the negatively 
charged to the positively charged body 
and achievement of electrical neutrality. 
As lire electrons pass from the negatively 
charged body to the positively charged 
one they are in motion and are no longer 
static although the motion is for an in- 
stant. The presence of static charges may 
be detected by means of an electro- 
scope (Fig. 9.26). 

Resistance to nin Passage of 
Electrons 

All substances conduct electricity, to a 
certain degree, and also offer some re- 
sistance to the passage of elections. In 
other words there is no such thing as an 
absolute non-conductor or a perfect com 
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Fic. 9.26. The gold leaf electroscope consists of two 
slender strips of gold foil suspended from a metal rod 
passing through an insulator terminating in a knob. The 
device is enclosed in a glass vessel. The knob is stroked 
with a non-conductor which imparts a charge to it and 
the gold leaf. The leaves separate because like charges 
repel. Such separation is indicative of the presence of a 
charge. The amount of separation is an index of the magi- 
tude of the charge. In die neutral position (A) the leaves 
are close together. A positively charged body induces a 
negative charge (B) and vice versa (C). 
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ductor. Substances which offer little re- 
sistance are used for conductors. Those 
which manifest a high degree of re- 
sistance are used for insulating and 
keeping electrical charges apart. Tlie 
degree of resistance to the passage of 
electrons is expressed in units called 
ohms. The resistance of non-conductors 
is sometimes so great that a larger unit 
called a megohm (1,000,000 ohms) is nec- 
essary. Resistance ordinarily is measured 
with an instrument k^o^vn as an oh- 
meter. High resistances, such as those 
encountered in the study of electrosta- 
tics, are measured with a device called 
a “megger.” The word “megger” is an 
abbreviation of the word megohmeter. 
The “megger” utilizes currents of high 
potential (as many as 5000 volts) since 
it measures high resistance and high 
voltages are necessary to force the elec- 
trons through the body to be tested. 

Quantities of ELEcnucmr 

The quantity, or number of electrons, 
which accumulate or are removed from 
a body is referred to as the charge. 
Quantities of electricity are expressed in 
either one of two units, amperes or 
coulombs. Both terms have reference to 
the number of electrons present on a 
body. A coulomb is a standard electrical 
unit used to indicate a unit number of 
electrons (1,000,000,000 electrons). A 
charge of one coulomb passing a par- 
ticular point in a conductor in one sec- 
ond is called one ampere. Tire ampere, 
therefore, takes into consideration the 
element of time, and indicates the rate 
of flow of electrons. 

Potential 

Charges acquire voltage or potentiaL 
Potential refers to the magnitude of the 
force tending to reunite the electrons 


with atoms which have been deprived of 
and are deficient in electrons. The mag- 
nitude of the potential of two static 
charges is proportional to the amount of 
work or energy required to separate 
them. When the electrons resume their 
former atomic association this energy is 
released. 

The entire situation of volts, amperes 
and ohms is comparable to the flow of 
water through a pipe. The resistance or 
friction to the flow of water depends 
upon the diameter of the pipe. This is 
comparable to the number of ohms re- 
sistance a conductor offers to the passage 
of the current. The pressiure forcing the 
water through the pipe is comparable 
to the voltage. The volume of water 
flowing through the pipe in a given lime 
interval is comparable to the amperage. 
The forces of attraction or repulsion be- 
tween two charges is equal to the prod- 
ucts of the two charges divided by the 
square of the distance between them. 
The changes in potential or voltage 
caused by varying the distance between 
the two charges is referred to as poten- 
tial gradient. The forces or repulsion of 
like charges are of the same order of 
magnitude as those which develop when 
unlike charges attract each other. 

Size of Static Ciiabces 

Charges of static electricity which de- 
velop in operating rooms by ordinary 
every day activity are small. In other 
words, relatively few electrons are in- 
volved in the build-up of static charges 
compared to the number involved when 
an electric current passes through a wire. 
The charge, however, may have an ex- 
tremely Irigh potential. In other words, 
the voltage developed in the separation 
is extremely high, Strokinga non-conduc- 
tive breathing bag of an anesthetic ap- 
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paratus several times manually may gen- 
erate a charge of small magnitude but 
of high potential. The potential may be 
in the order of 4000 or 5000 volts. When 
charges of static electricity are neutral- 
ized and electrons return to their re- 
spective atoms, nothing is lost, gained or 
destroyed. The electrons merely have 
resumed the atomic association present 
prior to tlie separation of the two bodies. 
Tlie energy utilized to separate the elec- 
trons, however, is converted into heat 
(spark) as the potential is reduced to 
zero. 

Capacitators 

Charges of static electricity develop 
principally on non-conductors. It is dif- 
ficult to charge two conductors which 
are in intimate contact by separating 
them. The charge, once formed, remains 
on a body until neutralized. It is pos- 
sible, however, to charge or add elec- 
trons to an insulated conductor. Two op- 
positely charged conductors separate 
by a non-conductor (insulator) form a 
capacitator, This is more commonly 
called a condenser. A capacitator stores 
electricity. In other words, it holds elec- 
trons. The quantity of electricity held by 
a capacitator is measured by a unit called 
a farad. A farad of electricity is equiva- 
lent to one coulomb of electricity— a size- 
able number of electrons. The quanti- 
ties of electricity ordinarily present on 
most condensers are only a fraction of a 
farad, therefore, the terms mtcro-farad 
and mtCTO-nncro-farad have been intro- 
duced to express these small quantities. 

The voltages developed by a static 
charge are usually very high. The volt is 
not adequate for designating the magni- 
tude of such a charge. Therefore, a 
larger unit called the kfiooort (1000 
volts) is used to indicate such charges. 



Fjc. 10.20, A static voltmeter. 


Voltages may be measured by a device 
called a static voltmeter (Fig. 10.26). 

Dielecttuc Constants 
All substances, even the most resistant, 
possess some degree of conductivity. The 
measurement of this ability of non-con- 
ductors to conduct electricity is ex- 
pressed by a unit called the dielectric 
constant (Symbol BC) (Table IV.56). This 
constant is the ratio of the conductivity 
which the material possesses to the con- 
ductivity of air. In a vacuum this con- 
stant is arbitrarily designated as unity 
(1). Air is so poorly conductive that it is 
designated as having a constant of 1. 


TABLE IV.2G 
Dielectric Covbta-nts 



16.5 


1 0009 

Asphalt 

2.86 

(O'C.) 

Hehum 


S-10 



4-8 

Air 


ParaSiiie 

1.6-2 3 

Nitroecn 


Shellac 

1.86 

2.95-3.6 

Oxygen 
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Comparisons are, therefore, made with 
air as a reference. A substance which is 
100 times more resistant to the passage 
of electrons than air has a dielectric con- 
stant of 0.001. The application of a par- 
ticular voltage to a substance causes a 
certain amount of current to flow 
thiough it. As the voltage is increased the 
current which flows though increases 
proportionally. If the voltage is progres- 
sively increased a point is reached at 
which the electrons suddenly are able to 
break through. The substance no longer 
resists the passage of electrons at this 
point. The accomplishment of this break- 
through in a highly resistant substance re- 
quires an extremely large voltage, as a 
rule. The passage of the current at such 
a high voltage, however, causes a physi- 
cal change in the substance. When the 
material no longer offers its original re- 
sistance to the passage of electrons and 
permits them to pass through, it is said to 
have 'laroken do\vn.'’ The voltage trans- 
fer, after the break down of an insulator, 
if this is a transparent material, such as a 
liquid or a gas, causes incandescence of 
thematerial. If the electrons pass through 
a gas a spark forms. 

There is a distinction between resist- 
ance of a substance and break down volt- 
age. The resistance of a substance is the 
ratio between the voltage applied to it 
and the current which flows. The break 
down voltage refers to the potential at 
which the material changes its proper- 
ties and suddenly begins to conduct. As 
has been mentioned, air has a hi^ de- 
gree of resistance and is considered a 
perfect insulator. It does, however, break 
dowTi as two charges of opposite sign 
and high potential are brought closer 
together. A static charge of high poten- 
tial which has accumulated on a conduc- 
tor, isolated from conductors by insula- 


tors, as for example, a metal stand on 
rubber casters, may be discharged 
through the air to an oppositely charged 
body. The insulation on electrical ap- 
paratus employing high voltages, such 
as an x-ray machine, may break down 
and permit charges to break through. 
This may happen particularly when the 
equipment has been in use for some time 
and the insulation has changed in struc- 
ture and composition with time and use. 
Thus, the presence of insulation on a 
device carrying a high potential is not 
absolute assurance of protection from 
formation of sparks. One must consider 
such apparatus so constructed as haz- 
ardous if used in the presence of flam- 
mable anesthetics. 

Induction 

The region about an electrically 
charged body is referred to as the elec- 
trical field of force. If an uncharged con- 
ductor is brought into an electric field of 
a charged body, a charge develops in 
the conductor. This charge is referred 
to as an induced charge. This charge is 
of opposite sign from that of the electric 
field. The manner in which this occurs 
is as follows: Electrons move easily 
through a conductor. Assume that an 
insulated body has acquired a positive 
charge and that an uncharged conduc- 
tor approaches it. The free electrons of 
the conductor, of which the conductor 
has many, are attracted towards the 
portion of the conductor nearest the 
positively charged body (Fig. 11.26). Tlie 
part of the conductor most remote from 
the positively charged body will, there- 
fore, be deficient in electrons and be 
positively charged. The separation of 
positive and negative charges in an un- 
charged conductor when such a conduc- 
tor is brought into an electric field is 
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Fig. 11.26. Ch:irging by induction. The insulated con- 
ductor (A) which is neutral (1) is approached by positively 
charged body (B). Elections shift towards (B) causing c®e 
end to be positively charged and one negatively charged 
(2). A second body negatively charged (C) approaches and 
makes contact with the positively charged end (3), Elec- 
trons pass from (C) to (A). (B) Moves away from (A). The 
influence is lost and (A) remains with an excess of elec- 
trons and, therefore, negatively charged (4). 


called indticiion or charging by fn^u- 
ence. Such a situation may develop In 
an operating room when a person who 
is positively charged but who is isolated 
from the floor by wearing rubber soled 
shoes approaches the foot end of an 
operating table. Tlie table is an excellent 
conductor but is isolated electrically 
from the floor by insulated casters. The 
electrons in the table are attracted to- 
wards the individual and a negative 
charge develops in this portion of the 
operating table. The head end, which is 
most remote from the charged individual, 
will be deficient in electrons and be 
positively charged. A third body, one 
which is negatively charged, approach- 
ing the head end of the table (the posi- 
tively charged end) could be responsible 
for the formation of a spark if the air 
gap is shortened sufficiently. If the 
charged body remains at a distance in 
dje vicinity of the operating table, flie 


charges will remain on the table until 
the influence has been removed when 
the person walks awaj' from the table. 
Such a charge held on an object by an- 
other charged body fs referred to as a 
hound charge. 

DisTRmunoK of CaAUcns 
A charge becomes distributed uni- 
formly over the surface of a spherical 
conductor (Fig. 12.26). In an irregularly 
shaped conductor, say for example an 
ovoid one, the charges crowd at the 
points of most curvature (Fig. 13.26). The 
charges are repelled since they are alike 
and move apart. Thus, each end of the 
ovoid body bears the charge. Charges of 
static electricity on irregular bodies tend 
to concentrate at sharp points or at 
points of greatest curvative. A diSerent 
situation exists if the body is a noo-con- 
ductor, however. Tlie distribution of the 
charge is not predictable. A non-coo- 
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ductive rubber breathing tube which has 
been moistened both inside and outside 
may set up the same situation as is found 
in a capacitator. Charges of opposite sign 
may accumulate on each surface sepa- 
rated by the rubber which is a dielectric 
substance. If the charges are of high po- 
tential they may break through some 
point in the rubber and cause a spark, 

A positive charge on a body cannot be 
removed from one area to another with- 
out moving the body carrying the charge 
to the new locality. The presence of a 
positively charged body in an area indi- 
cates that a body wth a negative charge 
is nearby or has been moved from the 
electrical field. Like\vise, the presence of 
a positively charged body indicates re- 
moval of one with a negative charge. 

Grounding of Static Charges 

The earth acts as a reservoir or store- 
house for electrons. Electrons are sup- 
plied from the earth when needed to 
neutralize a positive charge and are ab- 
sorbed by the earth when an excess is 
present, as is the case when a negative 
charge is present on a body. The earth, 
therefore, is capable of acting as either 
a negatively or positively charged body 
depending upon the charge of the body 



Fig. 12.26. The charge on a sphere is unifonn 
and on its outer surface. 



l^ic. 13.26. The charge on an ovoid body is 
most concentrated at its point of least cur\'a- 
ture. 


in proximity to it. A positively charged 
body which comes into contact with the 
^arlh has the charge neutralized by the 
electrons drawn from the earth by the 
force of attraction of the positive charge 
(Fig. 14.26). The earth to cloud move- 
inent of charges of static electricity 
\vhich occurs when lightning flashes is 
explained by this behavior of electrons. 

Energy of Sparks 
The sparks caused by rapid neutraliza- 
tion of electrostatic charges in operating 
t-ooms are of extremely short length and 
of brief duration. The energy dissipated 
in such sparks is sufficient to raise the 
temperature of the gases in the vicinity 
above the kindling point of most flam- 
mable mixtures. Sparks as short as 0.05" 
or 0.1 mm. may ignite flammable mix- 
tures of hydrocarbons or ether mixed 
with air. Mixtures composed of higher 
concentrations of ojygen and a flam- 
mable agent may be ignited by even 
shorter sparks. Tlie minimum length of a 
spark which may ignite an oxygen rich 
mixture is estimated to be 0.005" or 0.01 
mm. These sparks are too small to be 
seen \vith the naked eye. The amoimt of 
electrical energy in a static spark, ex- 
pressed in terms of heat generated, 
which ignites an anesthetic mixture may 
be as little as 1 millionth of a gram cal- 
orie. This amount of electricity is re- 
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Fig. M 26. The earth is a stoieheuse for electrons supplying electrons to 
neutralize a positive charge (A) or absorbing an excess from a negatis’cly 
charged body (B). 

leased almost instantaneously through a words, all objects in an operating room 
very small volume of gas mixture. It is, should be at the same electrostatic po- 
Iiovvever, sufficient to heat the minute tential. In present day practice tliis is 
volume of gas through which the elec- accomplished by installing conductive 
trons pass to temperatures as high as flooring anti establishing good electrical 
lOOO^C. The faster the energy is released contact between all objects in the room 
and the smaller the volume of gas and the floor. Objects not in contact with 
through which the electrons pass, the the floor must be intercoupled with tliose 
hotter the spark and the lower the mini- which are, so that a uniform homogenous 
mum energy necessary to ignite a par- pathway is established through which 
ticular flammable mixture. electrons move with ease. Thus, every 

object in an o^eratin^room must possess 
Anti-static Measures sufficient conductivity to cause rapid 

Since static electricity is being formed dissipation of charges. Isolation and ac- 
constantly as a result of unavoidable ac- cumulation of charges on any one object 
tivity of operating room personnel, there is impossible, if all objects are conduc- 
is little that can be done to prevent its live and inter-connected electrically, 
formation. Therefore, measures must be Certain substances possess a greater 
instituted which favor its rapid dissjpa- degree of conductivity than others. SiUc, 
tion and prevent its accumulation on in- wool, s^Tithetic fabrics, rubber and plas- 
sulated bodies. Tlie answer to the anti- lie objects are non-conductive and should 
static problem lies in elivtinating non- never be permitted in operating rooms. 
comliictors from anesthetizing areas and Colton sheeting is also non-conductive 
inter-connecting all conductors to pro- but it is more conductive than silk, wool 
vide a continuous path throu^ which or syntlieric fabrics. A cotton sheet in 
electrons may flow freely. In other direct contact with the skin or with a 
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conductive surface, such as an operating 
or instrument table, may acquire a 
charge. The charge, however, is dissi- 
pated gradually and with sufficient 
rapidity so that it does not become a 
hazard. Casters, wheels, tires, stool leg 
tips, rubber accessories on surgical and 
anesthetic equipment, sucli as breathing 
bags, face masks, delivery tubes and 
valve housings and so on must be con- 
ductive. 

In due time many objects, because of 
wear, accumulation of non-conductive 
films of dirt, waxes and other substances, 
or because of changes in composition or 
crystallization of the inner structure, be- 
come non-conductive. All conductive ac- 
cessories, such as bags, must be tested 
frequently for conductivity. Whether or 
not a substance is considered to be a con- 
ductor or an insulator is a relative matter. 
Silk, for example, holds a charge for a 
longer period of time than cotton. Both 
are non-conductors, but cotton is less so 
than silk. 

No device is available which can be 
used to prevent the accumulation of elec- 
trostatic charges. An instrument known 
as a siaticaior, introduced some years 
ago, detects the occurrence of an electro- 
static discharge. It does not prevent the 
accumulation of static charges as has 
been erroneously believed. When a 
charge is rapidly dissipated from a body 
electromagnetic waves are radiated from 
that area. The staticator acts as a re- 
ceiver for these waves, and like a radio, 
converts these waves into sound. 1716 in- 
tensity and the rate of dissipation of the 
charge may be estimated by the quality 
of the sound emitted from the receiver. 
The staticator in no way prevents the 
accumulation of an electrostatic charge. 
It merely indicates that a static charge 
was present and has been neutralized. 


The origin of the sound emitted by a 
staticator is similar to that heard in a 
radio shortly after a flash of lightning is 
sen. The radio does not prevent the ac- 
cumulation of the static charge whicli 
caused the lightning. The staticator, like- 
wise, does not prevent the accumulation 
of the cliarge or the spark. 

CONDUCTIVE FLOORS 
Rubber, linoleum, marble, ceramic, 
porcelain, concrete and concrete terrazzo 
are insulating substances. Consequently, 
charges of high potential may develop 
when persons walk upon or objects are 
moved over floors composed of these 
substances. The degree of insulation of 
each of these floors, however, is a rela- 
tive one. Concrete terrazzo has the least 
resistance and, therefore, is the most con- 
ductive. Resistances which have been 
reported in floors composed of these ma- 
terials are as follows: Porcelain— 5000 
megohms, terrazzo— 12,000 and concrete 
—4000. Floors composed of substances 
which have some degree of porosity, 
such as concrete terrazzo, conduct better 
when old than when new. As time passes, 
the myriads of fissures and crevices be- 
tween the chips in the mass become filled 
with moisture and electrolytes. The con- 
ductivity is thereby increased. Terrazzo 
floors installed with closely spaced 
bronze or brass strips (approximately 4" 
apart in a grid-like fashion) are effective 
in causing the dissipation of charges in- 
duced by walking or pushing objects 
over them. Tlie material in the area be- 
Uveen the metal strips, obviously, is far 
less conductive than the metal. The en- 
tire grid is installed as a unit and is con- 
tinuous throughout. If measures arc 
taken to ground all objects in an operat- 
ing zoom to the grid, everything in the 
room will he at the same potential. 
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The conductivity of lerrazzo floors 
may be increased by incorporating car- 
bon in the form of acetylene black in the 
concrete. Efforts to confer conductivity 
to cement floors by tlie addition of 
powdered metal filings have been unsuc- 
cessful because the particles fail to touch 
each other and form a homogenous 
chain. Acetylene black, if thoroughly 
mixed in the concrete, produces a hom- 
ogenous filamentary conductive path 
throughout tlie floor. Magnesium oxy- 
chloride may also be incorporated in the 
mixture to confer conductivity. Lino- 
leum, vinyl plastic and conductive cer- 
amic tile are made conductive by the 
addition of carbon also. 

Limitations of Usefulness of 
CoNouem’E FLoons 
The installation of a conductive floor 
by no means insures freedom from the 
hazards of static electricity. A false sense 
of security is easily developed unless the 
limits of usefulness of a conductive floor 
are understood. The resistance a floor 
will have after the concrete has set can- 
not be predicted. Floors which have ade- 
quate resistance to dissipate charges 
when first laid may lose a good deal of 
their conductivity and become resistant 
after varying periods of time. Many con- 
crete terrazzo floors containing carbon 
black have lost their conductivity after 
a period of years due to the development 
of minute cracks, loss of moisture or 
change of crystalline structure. Films of 
wax, dirt and soaps may increase re- 
sistance of any floor, no matter how con- 
ductive it is, by reducing conductivity at 
the surface. Waxes for flooring should be 
of the conductive type. Conductive 
waxes or paints on non-conductive floors 
are not substitutes for conductive floor- 
ing. Non-conductive floors may be cov- 


ered with conductive linoleum or con- 
ductive vinyl plastic tile. 

Dctermination of CoNDuernTTr of 
Floor 

Tlie effects of aging, trauma, and wash- 
ing with detergents on floor resistance 
are not fully understood. TliCTefore, a 
periodic test is essential to determine 
whether or not the conductivity is witliin 
the recommended limits. The resistance 
of a floor is determined with a "megger.” 
Two foil coated, 5 pound cylindrical, 
electrodes with a surface area of 5 sq. in., 
are placed three feet apart on the floor. 
Usually a 500 volt megger with a cali- 
brated range between zero to 1000 meg- 
ohms is used (Fig. 15.26). The resistance 
should be not less than 25,000 ohms and 
no more than 500,000 ohms any%vhere 
in the room with the electrodes three 
feet apart. 

An acceptable floor possesses sufficient 
conductivity to permit the neutralization 
of charges on operating room furnishings 
and personnel at a faster rate than they 
develop. A floor with zero resistance 
would be ideal from the standpoint of 
dissipation of static charges but danger- 
ous from the point of view of shock from 
power lines. The floor must possess some 
resistance to prevent sparks or shocks 
should accidental contact be made with 
electric power lines, exposed wires or de- 
fective electrical equipment. This is the 
chief objection to tlie suggestion that 
floors be made entirely of metal. Floors 
having a resistance of more than 25,000 
ohms safeguard against such accidents. 
The practice of grounding floors by 
means of heavy conductors to water 
pipes or metal plates buried in the 
ground is obsolete, dangerous and un- 
necessary. A brass or bronze grid strip 
in a terrazzo floor should have isolation 
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Fig. 15.26. The "megger" used to determine re- 
sistances cl e-quipment in operating rooms and conduc- 
tivity of floors. The circular weights are placed three 
feet apart on the conductive floor. Floors having resist- 
ance of more than 0.5 megohm or less than 25,000 
ohms are not acceptable. (Courtesy W. E. Anderson 
Co., Kansas Ci^, Mo.) 

transformers interposed between it and 
the ground to prevent direct grounding 
in the event of short circuiting. The most 
important feature of a conductive floor 
is that there be good point to point con- 
tact through the floor. Shoes, leg casters 
and other items ordinarily making con- 
tact with the floor should possess no 
more resistance than that possessed by 
the floor. If these conditions be fulfill^ 
and all objects in the room are in con- 
tact wth the floor, a zero potential will 
exist between all objects in a room. 

Charges, therefore, cannot accumulate 


on any object. The only un-neutralized 
charges which might require grounding 
are those which remain in the room 
when the object or person causing them 
leaves the room. Conductive waxes and 
paints applied to non-conductive sur- 
faces do not satisfy the requirements of 
conductivity or take the place of a con- 
ductive floor. 

INTERCOUPLING 

Any device which connects two or 
more insulated bodies to facilitate the 
passage of electrons between them may 
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be considered to be an intercoupler. The 17.26). Thus, these five objects, the floor, 
conductive floor is actually a large scale tlie anesthetist, the patient, the operating 
jnlercoupler. The type intercoupler most table and the anesthetic apparatus are 
fatniliar to anesthetists is the one intro* inter-connected so that there is a resist- 
duced by Horton. This device permits a ance of one megohm between each of 
free interchange of electrons between them. The resistance is low enough to 
electrically isolated objects in an operat- permit rapid and ea^ equalization of 
ing room. The Horton unit is composed electrostatic potentials between the in- 
of 5 copper leads, or wires, each of which ter-connected objects. The resistance is 
is fixed to a central body having a re- of sufficient magnitude to prevent a ser- 
sistance of 1 megohm. Electrical clips arc ious electric shock should one of the in- 
attached to three of the leads and wrist- tercoupled bodies accidently come into 
bands to the remaining two. One clip is contact with an electric power line. The 
attached to the anesthetic apparatus, one resistance allows equalization of poten- 
to the operating table and one is placed tials between two charged bodies of un- 
in contact with the ground or the floor, equal electro static potentials in approx- 
One WTistband is placed around the wrist imalely 1/100 of a second. The inter- 
of the patient and the other around the coupler was introduced primarily to be 
wrist of the anesthetist (Figs. 16.26; used in hazardous areas without conduc- 



Fic. 16 26. Schematic diagram of the "hook up" of the intercouplcr; (R) 
is a resistance of one megiAm connected to the various leads. Lead (A) is 
connected to the machine (D) to the operating table; the ivTist band of 
lead (C) is wrapped around flie wrist of the patient, (D) is wrapped around 
the left svrist of the anesthetist, and (E) is clipped to the ground. 
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tive flooring. Unlike the conductive floor, 
an intercoupler provides a conductive 
path between five objects in the operat- 
ing room. Other objects are not intercon- 
nected. The requirements that all ob- 
jects be conductive and inter-connected 
is only partly fulfilled. Objections to the 
intercoupler are that it is awlavard, cum- 
bersome, unwieldy and that there is a 
frequent tendency for personnel to over- 
look connecting it properly. The inter- 
coupler may fail to function properly be- 
cause corrosion of the terminals, grease, 
dirt or other non-conducting films pre- 
vent good contact with the isolated 
bodies. The lead wires in the terminals 
may become twisted and frayed or 
broken beneath the insulation and may 
not conduct even though they appear to 
be in good order. 

Wet To^vel Intercouplinc 

In the absence of conductive flooring, 
and when the Horton intercoupler is not 
available, intercoupling may be im- 
proved by the use of wet towels. Several 
towels, moistened with water or saline are 
used. One is arranged so that it extends 
from the exposed bare shoulder of the 
patient to the metal portion of the oper- 
ating table (Fig. 18.26). Another is placed 
between the base of the operating table 
to the base of the anesthetic apparatus. 
The third is placed from the base of the 
operating table to the foot of the anes- 
thetist. This technique referred to as 
“toet toweling intercoupling” is a make- 
shift arrangement but does afford an 
ample degree of protection in emergency 
situations. Obviously, it is not a substi- 
tute for the conductive floor nor is it as 
desirable and as effective as a properly 
jiinctioning Horton intercoupler. 



Fig. 17.26. Photograph showing the jnter- 
eoupler. (Courtesy Richard Foregger, Ph.D.) 

, HUMIDIFICATION 
The erroneous impression that static 
electricity will not develop if the room 
atmosphere is humidified is widely dis- 
seminated. A high atmospheric moisture 
content favors dissipation of static 
charges, but does not prevent such 
charges from forming. Charges of static 
electricity may accumulate on non-con- 
ductors surrounded by highly humidified 
atmospheres. Explosions of anesthetic 
mixtures can and have occurred in the 
presence of high humidity. Water vapor, 
contrary to general existing impressions, 
is a poor conductor of electricity. The 
addition of water vapor to a gas does not 
increase its conductivity. Actually, the 
conductivity of air, instead of being in- 
creased is decreased slightly by the pres- 
ence of water vapor. The beneficial ef- 
fects of humidity are largely due to the 
leakage effect caused by films of mois- 
ture adsorbed to the surfaces of insulat- 
ing materials. Most objects are coated 
with electrolytes from sweat of the hands, 
soap, water and other sources. These 
electrolytes in the film of moisture im- 




Fio, 18.26. Photo— Wet towel mtercoupling. (CeuTtesy Dr. George Thomas.) 


part a varying degree of conductivity to 
tlie surface. Tliese films of moisture and 
electrolytes make the separation of elec- 
trons mote difficult when objects in con- 
tact with each other are pulled apart. In 
other words, a charge develops with 
greater difficulty on a non-conductor in 
a humid atmosphere. However, this ten- 
dency varies with the nature of the non- 
conductor. Tlie surface resistance of most 
non-conductors ordinarily found in op- 
erating rooms becomes less and Jess as 
the humidity increases. The usual humid- 
ity recommended is 55%-65% for dissipa- 
tion of most charges. The surface re- 
sistance of such highly non-conduclive 
substances, such as paraffin, silk, wool, 
nylon and plastics does not change ap- 
preciably even when exposed to atmos- 
pheres 100^ saturated with water vapor. 


They are, therefore, capable of develop- 
ing and tenaciously holding charges and, 
therefore, should be e,xcluded from haz- 
ardous areas at all times. 

A period of time, usually several hours, 
is requited for an equilibcinm to be es- 
tablished between the water content of 
a semi-conductive material and the hu- 
midified atmosphere. During the time 
equOibrium is being established static 
charges may not be dissipated if the 
semi-conductor has previously been in a 
dry atmosphere. In order for humidifica- 
tion to be effective, the moisture content 
must be maintained at a constant, sus- 
tained level. \Vhatever protection a 
humid atmosphere affords is of question- 
able value when humidifying systems 
operate at irregular schedules. Equip- 
ment should operate continuously. 
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Effect of Carbon Dioxide 

Carbon dioxide combines %vith w'ater 
to form carbonic acid which is an ion- 
izable electrolyte. The conductivity af- 
forded by the ions furnished by the car- 
bon dioxide normally present in air 
(0.03%) has been shown, by calculations, 
to be of little consequence as far as aid- 
ing in dissipation of static charge is con- 
cerned. The electrolytes dissolved in the 
mixture on the surface of most objects 
furnish far more ions than does atmos- 
pheric carbon dioxide. The washing of 
air by air-conditioning equipment does 
not materially reduce the carbon diox- 
ide content unless the wash water is al- 
kaline. Thus, even if carbon dioxide were 
of value air-conditioning systems would 
not decrease this effect. 

ANESTHETIZING AND HAZARDOUS 
LOCATIONS 

A distinction is made between an cn- 
esthetizing location and a hazardous lo- 
cation. The term anesthetizing location 


refers to areas of a hospital in which 
combustible anesthetics are administered 
to patients in the course of treatment. 
Operating rooms, delivery rooms, utility 
rooms and other areas used for induc- 
tion and maintenance of anesthesia are 
placed under this category. A hazardous 
location is one in which flammable sub- 
stances may be present and cause a fire 
or an explosion. Rooms used for storage 
of combustible anesthetics and areas 
through which patients are transported 
who have been anestlietized are con- 
sidered hazardous locations. Recovery 
rooms are neither anesthetizing nor haz- 
ardous locations unless specifically used 
for the administration of anesthetics. 
Corridors leading from operating rooms 
to recovery rooms are considered hazard- 
ous locations. It is doubtful that the 
breath of a patient recovering from an- 
esthesia en route from an operating room 
may ignite unless he has swallowed gas 
and belches it. Nonetheless, strictest pre- 
cautions should be taken at all times, 
even in the corridors. 


PRACTICAL RECOMMENDATIONS 


ANESTHESU APPARATUS 

Leaks 

Numerous recommendations have 
been proposed for the prevention of ig- 
nition of anesthetic mixtures. The ma- 
jority of explosions have occurred at the 
site of leaks in closed systems. Most leaks 
occur at the mask and this is the point 
of greatest danger. Explosions are al- 
leged to have occurred by igniting of 
mixtures within a closed system in which 
there was no evidence of a leak. How- 
ever, with the exception of a few ques- 
tionable isolated cases all have occurred 
when a leak or a break in the system was 


known to have existed. Attempts to 
maintain a leakproof system should be 
made, not only from the standpoint of 
administering good anesthesia, but also 
from the standpoint of eliminating the 
fire hazard completely. It is often argued 
that explosive mixtures leaking from 
closed inhalers are diluted below the 
flammable range as they escape into the 
room air. It has been estimated that mix- 
tures escaping from points of leakage are 
diluted below tlie flammable range after 
diffusing a distance of approximately two 
feet. Theoretically, the danger of igni- 
tion does not exist beyond this radius 
and a hot body outside this zone should 
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cause no ignition. However, one does not 
have this unreserved assurance and 
should, therefore, err on the side of con- 
servatism and designate an area far be- 
yond this radius as a hazardous one. 

Use of Closed Systems 

Caution should always be exercised in 
connecting and disconnecting masks, 
breatliing bags, or breathing tubes. 
Handling of these objects may produce 
static charges which subsequently pro- 
duce a spark on recoupUng thereby caus- 
ing ignition of the mixture at the point 
of disconnection. Connections should be 
made and broken while each part is in 
the operators hands. Since many ex- 
plosions occur at tlm mask, contact 
should be maintained with the patient’s 
chin at all times. When the hand han- 
dling the mask is being shifted the anes- 
thetist should contact the cliin Nvith the 
otlier one first. Tl\e carbon dioxide ab- 
sorption technique should be used for 
the administration of flammable anestlie- 
tics whenever possible so that a com- 
pletely closed system Is used. As a pre- 
caution, the anesthetist should touch tlie 
patient and gas machine before releas- 
ing vapors and gases into the inhaler. 
Masks should be placed in contact with 
the patient's face after having first been 
connected with the apparatus. Non-flam- 
mable mixtures should be allowed to 
flow until all connections are made and 
a leakproof system has been established. 
O.'^’gen should be used for the first few 
breatlis and then the flo^v of flammable 
mixtures commenced. 

Conductive Kubber 

Impregnation of rubber with finely di- 
vided carbon decreases its resistance and 
renders it conductive. Unfortunately 
such treatment reduces the distensibil- 
ity and durability of the rubber and 


makes it ponderous. Nevertheless, con- 
ductive njbber is essential for the sake 
of safety. AH masks, tubings, breatliing 
bags and other rubber items should be of 
the conductive variety to insure a path- 
way of low resistance from one item to 
the next. Non-conductivc rubber coated 
with conductive rubber is not satisfac- 
tory. Mattresses, pads, pillows, aim 
boards and similar items on operating 
tables or recovery room rollers should be 
covered with conductive rubber sheet- 
ing. Casters, tires and recovery room 
beds and stretchers, stool leg tips should 
be composed of conductive rubber. 
Breathing tubes should be of the corru- 
gated conductive rubber The use 
of plain, non-comigated breathing tubes 
with a wire spiral incorporated in its 
walls is hazardous. The wire may break 
so that the two free ends may come to- 
gether as the tube is handled and cause 
a spark should tlie surrounding rubber 
inadvertently acquire a charge. Explo- 
sions whicli have occurred in an entirely 
closed system have been ascribed to this 
cause. Conductive rubber may lose its 
conductivity with time due to the sep- 
aration of the carbon particles as the rub- 
ber is stretched from use or to structural 
changes in the rubber. Therefore, these 
items should be tested for conductivity 
periodically ^vitIl a “megger.” 

Adhesive is non-conductive. Charges 
of high potential may develop when ad- 
hesive is stripped from a roll. Sparks 
may be seen if this is done in a darkened 
room, 

GROUNDING 

Obj'ects which are moved in and out of 
operating rooms should make electrical 
contact with the floor or should be 
grounded with some metal device. 
Chains are usually used for this purpose. 
Chains should be of non-ferrous metal 
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of the open-link type. Bronze or brass or 
similar alloy are used because they do 
not cause percussion sparks. The ball or 
beaded type of chain is not satisfactory 
because contact between each link is not 
assured due to the accumulation of 
fibers, lint, dirt or wax. Furthermore, the 
inner parts are inaccessible for cleaning. 
Bronze plated steel chain is not accept- 
able. Chains should make as long a line 
of contact with the floor as possible. This 
may be done by fastening each lengtli, 
preferably with bolts, diagonally beneath 
the piece of equipment. Contact should 
be made at all times with the conduc- 
tive floor or the metal strip, if the ler- 
razzo is not impregnated with carbon 
black. Such chains should be cleaned 
periodically to remove dirt, wax, grease 
and soap films to assure good contact 
with the floor. Chains touching high re- 
sistance floors without an inlaid metal 
grid may or may not be of value for dis- 
sipation charges. Much of this depends 
upon the resistance of the floor. All floors 
afford some leakage of charge. The more 
resistant the floor the slower the dissipa- 
tion will be. However, such an arrange- 
ment cannot be relied upon for safety 
since the floor is not conductive and in- 
tercoupling should be used. 

The use of objects of ferrous metals, 
such as buckets, stools, etc. in any situa- 
tion in which two metal surfaces may 
strike each other creates a fire hazard 
because percussion sparks result from 
such contacts. Such surfaces which are 
apt to strike each other should be covered 
\vith conductive rubber. 

^VEAIUNG APPABEL 

Fabrics 

Cotton is the most desirable, the least 
expensive and the most readily available 
substance for wearing apparel, drapes, 
sheets or other items composed of fabric 


to be used in hazardous and anesthetiz- 
ing areas. It possesses leakage powers at 
low humidities and does not produce or 
acquire any sizeable charge by frictional 
contact with other cotton objects, con- 
ductive rubber pads or instrument 
stands. All personnel should wear cotton 
uniforms. Persons wearing wool, silk, ny- 
lon and synthetic fabrics should not enter 
an anesthetizing location. Undergar- 
ments of silk, nylon, sharkskin or syn- 
thetic fabrics may be worn only if in 
direct contact witli the skin. Underskirts 
not in complete contact with the skin 
cannot be used. Nylon socks may insu- 
late the wearer even though conductive 
shoes are worn. Tlie use of plastic 
covered items, such as arm boards, pads, 
pillows or plastic aprons and drapes 
should be avoided in all anesthetizbg 
locations. Platforms should be made of 
metal coated with conductive rubber, 
and be grounded to the floor with bronze 
chains. Warming cabinets for blankets 
or gowns should be provided with a 
humidifier for keeping the articles moist. 
Dry blankets may lose their moisture 
and, therefore, their ability to dissipate 
electrical charges. Only cotton blankets 
should be used. Items composed of cloth 
which contain cotton, wool and a syn- 
thetic fabric should not be used. Anes- 
thesia machines should not be covered 
with drapes even though such coverings 
are made of cotton. Gases may accumu- 
late beneath them and be ignited by 
static sparks when the covers are pulled 
off. 

Shoes 

The soles of all shoes worn by persons 
coming into an anesthetizing location 
should be conductive. Every operating 
room suite should have a shoe tester 
(Fig, 19.26) of an approved design at 
some conventient location so that all per- 
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Fio, 19 26 Ohmeter for detenninlng conductivity o( shoes of operating room per- 
sonnel. The Instrument operates on ordinary 110 volt alternating current. When the 
resistance of the shoes exceeds one megohm the light does not show and the shoes 
are not considered safe. (Courtesy W. E. Anderson Co., Kansas City, Mo.) 


sons entering the operating suite may 
test their shoes for conductivity. The re- 
sistance of the soles of shoes worn by all 
personnel should not exceed 1 megohm. 
A felt pad moistened with water or saline 
should be available next to the tester so 
that wax, grease and dirt may be wiped 
from the undersurface. Leather-soled 
shoes may be worn if they pass the con- 
ductivity test. Old leather shoes possess 
some degree of conductivity because the 
moisture and electrolytes in the perspira- 
tion permeate into the leather and de- 
crease its resistance sufficiently to cause 
dissipation of static charges. Soles should 
be sev.Ti onto tlie shoes. Shoes with ex- 
posed nail heads are not acceptable. The 
probability of a percussion resulting from 
the striking of a steel nail head agmnst 
another metal and causing an explosion 


is remote. Nevertheless, this recommen- 
dation is made by advisory groups on fire 
hazards and should be followed. Leather 
shoes may be non-conductive when they 
are first put on but after a period of 
time, as the moisture permeates into the 
leather, they become conductive. Con- 
ductive rubber slip-ons are available to 
make leather shoes safe. Brass nails or 
tacks at the bottom of non-conductive 
shoes are not acceptable because they do 
not cover a wide enough area. They 
would not come into contact wth the 
grid of a terrazro floor not impregnated 
with carbon. The dissipation of an ac- 
quired charge would be a matter of 
chance. Besides they may be dangerous 
to the wearer in the event inadvertent 
contact is made with a power line be- 
cause of the low resistance in the metal. 
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ELECTRICAL EQUIPxMENT 
All electrical equipment, such as fix- 
tures, wires and motors used in operat- 
ing rooms and hazardous locations should 
be of the spark proof type. It should be 
given meticulous care and inspected reg- 
ularly. All receptacles and plugs should 
be of the type which cannot accidently 
be pulled apart at an inopportune time. 
Receptacles should he of the explosion 
proof type if placed less than five feet 
from the floor. Conventional type 
(household) switches and receptacles 
may be used if placed five feet or more 
above the floor. All switchboard panels 
should be enclosed and installed outside 
the operating room whenever possible 
and should be five feet or more from 
the floor. All electrical wiring and equip- 
ment should conform to the recommen- 
dations made by the Fire Under\vriters 
and the National Fire Protection As- 
sociation. Conventional open motors, 
heaters, heating pads, x-ray machines, 
diathermy machines and similar equip- 
ment which might be the source of 
sparks or cause wires or similar metals to 
become incandescent should not be used 
in any hazardous or anesthetizing area. 

TRANSFOB^tERS 

Endoscopic instruments should oper- 
ate on batteries utilizing currents less 
than 8 volts. Transformers are not ac- 
ceptable unless they may be plugged in 
at the \vall and the primary and seond- 
ary winding are isolated from each other 
by an insulator. The ordinary head lamp 
deriving power from transfomers is, 
as a rule, flimsy in construction and not 
safe. Dental drills, orthopedic saws and 
similar items driven by electric pmver 
must be of an approved type if em- 
ployed in the presence of flammable 


gases and vapors. The electrical power 
supplied to anesthetizing and hazardous 
areas should come through an isola- 
tion transformer which isolates the 
circuits from the outside main feeder 
power line. 

Groundes’c of Electrical EqumMENT 

Electric lamps, motors, plugs and 
other devices using the conventional 110 
volt current should carry a third wire for 
positive grounding to reduce the possi- 
bility of short circuiting and shocking of 
personnel. Tlie grounding of electrical 
equipment, whether the equipment is of 
the approved or the conventional type, 
places the housing or casings at the same 
potential as that of the earth or of the 
conductive flooring. Should the insula- 
tion fail and contact be made with the 
outside or enclosure, such as the frame 
of a suction or a lamp, the danger of 
shock and an external power spark is 
minimized. Conduits, switch boxes, mo- 
tor housing and similar items should also 
be grounded. Isolation transformers 
should be used when low resistance 
pathways are present from floor to 
ground. 

Conduits and S'nvitciies 

Conduits, switches and other electri- 
cal receptacles used in locations where 
flammable gases or vapors are adminis- 
tered should be explosion proof. Explo- 
sion proof conduits and enclosures con- 
sist of relatively small compartments hav- 
ing walls which are designed to with- 
stand the pressure of an e.xpIasion oc- 
curring within the receptacle and pre- 
vent the passage of a flame to the out- 
side if a combustible gas within it be 
ignited. Tlie explosion proof receptacle 
isolates the gas in the receptacle from 
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the gas in tlie room. Tlie flame is there- 
by enclosed and limited to the confines 
of the plug. 

S>vrTciiEs 

A spark results when the connection 
is broken each lime a switch is turned on 
or off. This occurs in all switches and 
cannot be averted. Therefore, the con- 
ventional household switches and lamp 
sockets are hazardous in an operating 
room unless located remotely from the 
immediate vicinity of the combustible 
substance and they are five feet above 
the floor. Sparking also occurs in an ex- 
plosion proof switch but causes no hann 
because the contacts are isolated from 
the gases in the room by a non-flamma- 
ble, non-breakable vapor proof Jiousing. 
The gases in a conventional switch are 
in direct contact with those of the room. 
Mercury switches, likesvise, are not ac- 
ceptable because they too spark. Ad- 
mittedly the elements are enclosed in a 
sealed tube and the spark is isolated but 
the tube is made of glass and is subject 
to breakage in which case the gases in 
the room may be exposed to sparks. 

Cords 

Electrical cords on portable equip- 
ment should be heavy duty type. Cords 
should have multiple layers of insula- 
tion to avert the possibility of sparking 
caused by fraying of the insulation. 
Cords should be discarded at the first 
sign of wear of the outer insulating coat. 
They should be ananged so tliat stretch- 
ers and other portable equipment do not 
roll over them. 

Monitoring Devices 

Monitoring devices utilizing various 
electronic principles on the usual HO 


volt tyqje current, such as oscilloscopes, 
electrocardiographs, and electroencepha- 
lographs, unless designed for use in an- 
esthetizing areas, are not safe to use with 
flammable anesthetics. They may be 
sources of ignition and should be placed 
outside the operating room. 

Lamps 

Lamps used in the operating room 
should he of the vapor proof type, par- 
ticularly when used within five feet of 
the head of the patient. The bulb should 
be shielded in a vapor proof enclosure so 
that accidental spattering of water, se- 
cretions or vomitus will not cause tlie 
bulb to crack or burst. Small bulbs on 
endoscopic equipment should be tested 
periodically. Short circuiting of the fila- 
ments may elevate the temperature 
above the ignition temperatures of flam- 
mable mixtures. X-tay viewing boxes 
should exclude the atmosphere of the 
operating room. Switches for ceiling 
lights should be placed on the wall five 
feet from the floor. Cauteries and high 
frequency coagulating equipment should 
not be used in areas where flammable an- 
esthetics are administered. 

GAS STORAGE AREAS 

Gas storage areas should be regarded 
as hazardous locations. Storage rooms or 
manifold enclosures for oxygen, nitrous 
oxide and other gases whose capacity 
exceeds 1500 cu. ft, should be ventilated 
to the outside of the building. Smaller 
rooms may be ventilated in the conven- 
tional manner. Such rooms or manifold 
enclosures must be constructed of build- 
ing materials having a fire resistance rat- 
ing of at least one hour. They must not 
communicate directly with anesthetizing 
locations. Piping systems should not be 
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used for the distribution of combustible 
anesthetics. Flammable anesthetic gases 
should be stored separately from oxidiz- 
ing and inert gases. A separate room 
should be provided for each of these two 
types of gases. 

Handling Cylinders and Pipe Lines 
Cylinders should be stored upon racks 
of a non-flammable substance, preferably 
in the upright position. However, if 
placed upright they should be arranged 
so that they are supported and cannot be 
upset. Paper wrapping should be re- 
moved from cylinders before placing 
them in service. Oil, grease, flammable 
liquids and pastes should not come into 
contact with cylinder valves, regulator 
gauges or fittings. Regulator fittings and 
gauges should never be oiled. Fluori- 
nated hydrocarbons or similar lubricants 
having a high flashpoint should be used 
for lubrication. Particles of dust, or dirt 
must be cleared from the outlet of each 
cylinder by “cracking” (momentarily 
opening the cylinder valve) the cylinder 
to avoid the possibility of a flash fire. 
Gases at high pressure, particularly oxy- 
gen, must not be admitted suddenly into 
a regulator to avoid the possibility of 
rupture of the diaphragm. The valve is 
best opened gradually. The main valve 
should be fully opened when a cylinder 
of a compressed gas is placed in use and 
closed at all times when not in use. The 
maximum pressure in a pipe line should 
not exceed 100 lbs. per sq. in. Pipe lines 
should be painted the same color as the 
cylinder of the gas to which it is con- 
nected. Pipes passing through tunnels 
should be labelled “Dangerous Gases.** 
They should be isolated from cables. 


REGULATIONS AND LAWS 
A number of national agencies are in- 
terested in fire and explosion hazards. 
Most active of these are tlie National 
Fire Protection Association (N.F.P.A.), 
and the National Board of Fire Under- 
writers, the American Hospital Associa- 
tion and the Bureau of Mines. Recom- 
mendations made by these agencies are 
suggestions and not rules or laws. Many 
municipalities and some states have 
statutes, ordinances and rulings which 
the fire marshal and other officials en- 
force. Many of these laws are based 
upon the recommendations of the Fire 
Under^vriters and the other bodies. The 
National Fire Protection Association is 
an incorporated body made up of almost 
200 regional and local societies which 
meet periodically and formulate recom- 
mendations on &e prevention based on 
past experience. They customarily pub- 
lish their recommendations in a small 
pamphlet which is revised each year or 
two. 

VENTILATION OF OPERATING 
ROOMS 

Whether or not an operating room 
should be ventilated has been the sub- 
ject of much debate. Generally it is rec- 
ommended that air be changed com- 
pletely and not recirculated to prevent 
accumulation of flammable gases. Hoiv- 
ever, diffusion occurs so rapidly that it 
is doubtful that any accumulation of 
flammable mixtures can occur. One 
pound of ether mixed with air yields 277 
cu. ft, of a flammable mixture at ordinary 
room temperature and atmospheric pres- 
sure. This is a relatively small volume. 
Nonetheless, precautions cannot be too 
many and nothing must be overlooked. 



Part III 

BIOCHEMISTRY RELATED 
TO ANESTHESIA 



Introduction 


A NEsniEsiA interrupts ph)^iological functions with effects which are far- 
XX, reaching. Biochemical and pathological changes may occur in blood 
and tissues as the result of these disturbances. Much has been written about 
the effects of anesthetic drugs on tissues. In a number of instances, diamet- 
rically opposite \'iews and interpretations are held by different investigators. 
Tliis situation arises not because of inaccuracies in observations but rather 
from numerous, often uncontrollable variables which may enter into these 
studies. Anesthetic drugs may stimulate or depress the automatic nervous 
system, interfere with hormone and enzyme activity, depress metabolism, 
or interfere with gaseous exchange in blood and tissues. Disturbances of 
absorption and secretion may occur which may reflect themselves in electro- 
lyte and fluid balance. Liver functions, most of which are biochemical, may 
be depressed. Physiological functions are so interrelated that often no single 
one can be considered individually but a group must be considered as a 
whole. 

A factor frequently ignored but of extreme importance is the technique 
and depth of anesthesia. Oxygen lack, carbon dioxide excess, respiratory ob- 
struction, environmental temperature and psychic state of the subject are 
incidents of anesthesia which have far-reaching influence on biochemical 
changes. Discrepancies exist between older and more recent experimental 
data. These may be due to the greater attention paid to details as well as to 
the technique of anesthesia in the newer experiments. Much of the reported 
dafcj. \xas beau. Qbt3.«xed cUnlcal auestlwsia. on. Q.pe,ra.t.ed. s,vib^e.c.t^ 

whose normal physiology is disturbed and who may already have profound 
biochemical changes as the result of disease. Naturally, these may not re- 
spond to anesthesia as do normal subjects. In the case of animal experi- 
ments, variations between individual subjects of the same species, let alone 
variations between different species, confuse the picture still more. 

The following biochemical data, therefore, are presented with many reser- 
vations. Many gaps and omissions are due to the paucity of experiments. 
Animal experiments are mentioned where those on man are not available, 
unfortunately, these must suffice until further experiments are completed. 
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Chemical and Physical Basis of Proposed Mechanisms 
of Narcosis 


THEORIES OF NARCOSIS 

T he TERit NAncosis has various mean- 
ings. It may be used in a precise, bi- 
ological sense to designate a depression 
of activity of protoplasm. When used in 
sucli a manner it refers to a depression of 
all types of cells. It may be used in a clini- 
cal sense to designate depression of neu- 
ronal activity characterized by deep 
hypnosis or anesthesia. In this discussion 
the term is used in a general sense and 
refers to depression in all types of cells. 
Tire terms narcotic and anesthetic, like- 
wise, have both general or specific mean- 
ings. In this discussion the terms anes- 
thetic and narcotic refer to agents which 
suppress activity of all types of cells. Be- 
sides the property of affecting all types 
of cells, anesthetics and narcotics have a 
special predilection for nervous tissues. 
The essential d^erence between nar- 
cotic and non-narcotic depressants is 
that the effects of narcotics are reversible 
and the cells revert to normal when the 
offending substance is removed. Sub- 
stances which depress tlie central nerv- 
ous system are classed pharmacologi- 
cally as anesthetics, narcolics, hypnotics 
or sedatives. Tliese are pharmacological 
terms used to describe clinical phenom- 
ena and do not, therefore, enter into this 
discussion. 

Ever since anesthesia was discovered 
investigators have been attempting to 


determine how narcosis comes about. 
Considerable data has accumulated in 
support of a number of theories but tlie 
exact mechanism causing narcosis re- 
mains to be determined. The fact that 
so many chemically dissimlar substances 
appear to produce the same physiologi- 
cal end result has led to the perusal of 
what is often called the vnitarian con- 
cept of narcosis. The numerous investi- 
gators interested in this phase of biologi- 
cal change have been unable to ascribe 
narcosis to any one particular mecha- 
nism. Perhaps more than one mechanism 
causes the change. Since our knowledge 
remains speculative and inconclusive, 
the mechanism proposed by individual 
workers are known as the theories of 
narcosis. Many of the theories have been 
disproved and are, therefore, obsolete. A 
discussion of most of the theories is 
largely of historical interest. Nonethe- 
less many of the workers, while attempt- 
ing to obtain proof, have made basic ob- 
servations which are not only of aca- 
demic interest but have also some prac- 
tical appheation. Tliey, therefore, merit 
discussion on this basis alone, if for no 
other reason. 

The theories of narcosis are not easily 
classified due to overlapping of ideas 
and encroachment of one dieory into an- 
other, Usually they are classed accord- 
ing to the underlying physical or chemi- 
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cal theme, as for example, “the change 
in permeability theory,” “the adsorption 
theory,” “colloid theory,” ‘lipoid solu- 
bility theory,” etc. Most theories fall into 
one of four broad general classifications 
as follows: 

(1) Theories based on solubility. These 
postulate that the effects of a drug 
are due to a specific solubility it 
possesses in certain cellular constit- 
uents. These theories are concerned 
chiefly with high solubility in intra- 
cellular lipoids or poor solubility in 
water. Most anesthetic drugs have 
a high lipoid solubility. 

(2) Theories based upon physiochemi- 
cal changes in the components of 
protoplasm. Modifications of the 
colloidal state of the cells, changes 
in surface tension, adsorption of Uie 
narcotic to the cell membrane or on 
the intracellular colloidal surfaces, 
changes in viscosity, dehydration of 
the cell are alleged to caused altera- 
tion of normal behavior. 

(3) Theories which ascribe narcosis to 
diminished oxidation in the cell. De- 
creased oxidation is alleged to come 
about either by depriving the ceff of 
oxygen, by modifying the ability of 
the cells to use oxygen, or prevent- 
ing the utilization of the energy 
which could be released by oxida- 
tion. 

(4) Theories based upon physical 
changes in cells, such as reversal of 
electrical polarity of cerebral cells 
or decreased electrical activity of 
cells. 

LIPOID AND WATER SOLUBILIIT 
AND ANESTHESU 
The fact that anesthetics are lipophilic, 
that is, highly soluble in lipoids, has 


been known for some time. Several early 
workers ascribed narcosis to solubility of 
the anesthetic drug in lipoid or fatty 
substances. Bibra and Harless (1847) 
noted that ether, ethyl chloride, and ace- 
tic ether* were highly soluble in lipoids 
and suggested that anesthetic drugs dis- 
solved the lipoid from the brain cells 
and caused this lipoid to be deposited in 
the liver. They analyzed the concentra- 
tion of lipoids in brain and liver before 
and after anesthesia and found an in- 
crease in the liver and a decrease in 
brain. The reversibility of anesthetics 
was not explained by these workers. 
Hermann (1866) stated that narcosis was 
a result of direct action of the drug on 
the intracellular lipoids for which the 
drug has a special affinity. These work- 
ers felt sterols and lecithins were the 
lipoids specifically involved. Exactly 
how they produced their effect once in 
the cell they were unable to say. Riecher 
(1908) demonstrated an increase in blood 
lipoids during chloroform anesthesia 
and attributed narcosis to solution of the 
lipoid from the cell by the drug. Pohl 
(1891) showed that erythrocytes ab- 
sorbed and carried more chloroform than 
plasma. He assumed this to be due to 
the presence of the lipoids in the cell 
which absorbed it. He likewise found 
more chloroform in brain than other tis- 
sues. Richet showed that as water solu- 
bility decreased, potency of many drugs 
increased. This is the converse of the 
lipoid theory. There are, however, too 
many exceptions to this generalization 
of potency and decreasing water solu- 
bility which make this theory untenable. 

Overton-Meyer Theory 

Overton (1899) and Meyer (1901) ob- 
served independently that the potency 

• Ediyl acctalc. 
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of narcotic drugs bears a strong relation- 
ship to their comparative solubility in 
water and lipoids. Inasmuch as these 
workers arrived at the same conclusions 
independently and at approximately the 
same time, their theory bears both their 
names and is called the Oocrton-Meyer 
Theory. The Overton-Meyer Theoiy 
gained wide acceptance and continues 
to be referred to by students of the prob- 
lem of narcosis, even though it is ad- 
mitted that it does not explain the phe- 
nomenon of narcosis. The essence of 
their observations may be stated as fol- 
lows; Chemically inert substances which 
are not quickly destroyed or eliminated 
by the cell are absorbed preferentially 
by cells in which lipoids predominate. 
These substances are, relatively speak- 
ing, poorly soluble in water but they may 
be sufBciently soluble to permit trans- 
port to the cells. Tliis water solubility is 
ordinarily less than that in lipoids. 

Tlie ratio of the solubility, expressed 
in moles per given quantity of lipoids, to 
that in an equal volume of water is 
called the oillwaior ratio. Theoretically, 
as well as practically, the higher the nu- 
merical value of this ratio, the greater is 
the narcotic potency of the substance. 
Chloroform, for example, has a ratio of 
100 while lialolhane, which is more po- 
tent, has a ratio of 330. However, there 
are exceptions to this generalization. 
Methane, for example, has a high lipoid, 
low water solubility and, therefore, a 
high coefficient. However, it is ineffec- 
tive as an anesthetic. Saturated hydro- 
carbons are less soluble in water than 
unsaturated. This may account for their 
biological inertness since tlie drug is un- 
able to reach the cells in ample quanti- 
ties. 

Overton and Meyer also noted that the 
minimum quantity of a substance nec- 
essary for narcosis (which they desig- 


nated as the minimal value) increased as 
tlie numerical value of the ratio de- 
creased. In other words, the smaller the 
ratio, the less potent the drug and the 
greater the concentration necessary for 
narcosis. 

^^eye^ obtained hfs distribution coeffi- 
cients by dissolving a known quantity of 
a drug in olive oil, shaking the mixture 
with an equal volume of water, and de- 
termining the partition of the drug be- 
tween the oil and water, after allowing 
each layer to separate. Tire less soluble 
in water and the more miscible with lip- 
oids a substance is the greater tlie 
amount in the oily layer and the higher 
die ratio. Overton examined a large se- 
ries of substances. In some cases he de- 
termined their ratios experimentally, 
while in others he calculated the ratio 
from the solubility of the substance in 
water and oil, 

K. Me)'er, in coDaboration with others, 
delennined the solubility of vapors ol 
various volatile anesthetics In oil. In 
addition he determined the concentra- 
tion necessary for narcosis in frogs and 
mice. He calculated the concentration of 
drug in the lipoid in moles per liter from 
this data. He found tliat the concentra- 
tion in hpoids in moles per liter w'as a 
constant value. This constancy of mo- 
lecular concentration is an experimental 
fact of importance which will be alluded 
to later in discussion of other theories of 
narcosis, In other words, the molar con- 
centration of a chemically indifferent 
substance required for narcosis, ev'en 
though it varies in potency, is a fi-xed 
value. Meyer showed also that the con- 
centration of the narcotic depends upon 
the type of cell affected rather than on 
the nature of the drug. One can see from 
Table 1.27 taken from Meyer, that the 
concentration is nearly constant and av- 
erages 0.06 moles per liter. The lipoids of 
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TABLE 1.27 

The Relationship op the Distribctios of 
Various Anesthetics between Oil and 
Water, Their Anesthetic Concen- 
tration AND the Amount 
IN THE Brain 



Vapor per 
100 cc. 
oil 

Volumes 

%of 

Molts per 
lAler Come, 
in Brain 
Lipmd 


0.&4 

37.0 

.08 

Ethylene 

1.3 

80.0 

.(M 

Nitrous Oxide 

1 4 

100.0 

.06 

Dimethyl Ether 

11.6 

12.0 

.06 

Acetylene 

11.8 

65.0 

.05 

Methyl Chloride 

40.5 

6.5 

.07 

Ethyl Chloride 

40.5 

5.0 

.08 

Ether 

50 .0 

3.4 

.07 

Amylcne 

65.0 

4.0 

.10 

Chloroform 

265.0 

0.5 

.05 


the cell are believed, by Meyer, to be 
alcoholic in nature (sterols). Studies of 
the interrelationship of lipoids and an- 
esthetics have emphasized principally 
the afBnity of the cell for the anesthetic 
drug. They In no way take into account 
or explain the problem of alterations in 
cell membranes through which these 
substances must pass or what happens in 
the cell once the drug passes inward. 

There are a number of objections to 
the Overton-Meyer Theory. One objec- 
tion is that the data represents in vitro 
studies in olive, seasame and other vege- 
table oils. Animal oils were not used. An- 
other objection is that the solubility has 
been determined in pure water. The sol- 
ubility of the drug in pure water differs 
from the solubility in lymph. Another 
objection is that most of the experiments 
of early investigators were performed at 
room temperature (20°C.). The mamma- 
lian body temperature is 37.5°C. Dis- 
crepancies naturally appear between 
data obtained at 20® and at 37.5®C. be- 
cause of the difference in solubility due 
to temperature. The solubility may in- 
crease or decrease as temperature 
changes. The narcotic effect rises and 
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falls in a parallel manner with solubility. 
Also water is a peculiar solvent which 
can be influenced by hydrogen bonding 
and thus cause discrepancies which 
cause individual compounds to fall out 
of line. 

Clinicians often assume that the oil/ 
water ratio is an index of the quantity of 
an anesthetic absorbed by brain and 
other nervous tissue. This is not a strictly 
correct assumption. It is true that nerve 
tissues are rich in lipoids when com- 
pared to other tissues. However, they 
contain from 75^ to 90% water, depend- 
ing on the area from which the tissue is 
obtained. Less than 50% of the solids in 
nerve cells are lipoids. The special pre- 
dilection anesthetics have for nervous 
tissue is not wholly due to the lipoid 
content of the tissue. The total perfusion 
of the brain by blood, the blood brain 
barrier and water solubility are factors 
which must also be considered. Adipose 
tissues are richer in lipoids than nervous 
tissues. However, they take up less drug 
than brain because they are poorly per- 
fused due to a less profuse blood supply. 
Lipoids var>’ in their cliemical nature and 
may, therefore, have different affinities 
and solubilities for narcotics. Tissues 
which have a relatively low lipoid con- 
tent, for example muscle (contains ap- 
proximately 2% lipoid), absorb less anes- 
thetics than brain and nerve, even 
though they have an abundant blood 
supply. Ball and Cooper (1949) in study- 
ing the activity of phosphorous com- 
pounds believe the lipophilic action of 
narcotics may derange phospholipids 
serving to approximate and cement to 
the area of activity the enzymes which 
function in metabolic cycles. 

Hie Overton-Meyer Theory explains 
the transport of an anesthetic from and 
to the cell. It is concerned with potency 
of narcotics but sheds no light upon the 
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action the drug exerts once it gains ac- 
cess to the cell. 

The Overton-Meyer Tlieory, when 
first postulated, explained the beliavior 
of sfrflighf chain aliphatic compounds. 
It was not applicable to aromatic com- 
pounds and heterocyclic compounds. 
Numerous aromatic substances have 
high lipoid distribution coefficients but 
manifest no narcotic potency. The the- 
ory has recently been extended to other 
inert substances. Recent studies on the 
anesthetic qualities of inert gases, such 
as xenon, argon, nitrogen (under pres- 
sure) reveal that the theory also applies 
to these substances. Tliese gases possess 
relatively high degrees of lipoid solubil- 
ity and behave like the inert aliphatic 
compounds. 

ReACTOX CoXtPOUNDS AKD Lipom 
SOLUBOJCTY 

Lipoid solubility is not confined to in- 
ert substances. Many chemically active 
substances manifest varying degrees of 
attraction for lipoids. Barbiturates, local 
anesthetics, opiates, ureides and other 
reactive molecules are also lipoid solu- 
ble. They, however, do not fit into the 
Meyer-Overton scheme because they are 
polar substances. Local anesthetics, for 
example, have tsso polar groups- one a 
hydrocarbon which is lipopliilic and one 
an amino group which is hydrophilic. 
The amino group becomes oriented into 
the aqueous phase of the axone-lyroph 
preparation. The hydrocarbon nucleus 
orients into the lipoid of tlie axone. Local 
anestlietics are metabolized also. Since 
they are polar and reactive they can 
hardly follorv the Meyer-Overton Rule. 

In spite of the fact that the lipoid the- 
ory is beset rvith objections and is in- 
valid, it is constantly being alluded to in 
discussion on narcosis and related bio- 


logical phenomenon. More recently tlie 
approach in the study of narcosis by Fer- 
guson, Brink, Pasternak, Featherstone 
and Wulf and others has been to look 
more closely at the atom and molecule 
itself and to study its behavior in rela- 
tion to the cell. Tlus has again revived 
the question of solubility of narcotics. 
These ideas will be elaborated upon fur- 
ther in this chapter. 

COLLOIDAL CHANGES 
IN ANESTHESIA 
Coi.i.oms A>n) Photoplasm 
The effect of narcotics on the physio- 
chemical behavior of colloids has been 
studied in vitro and to some extent in 
vivo. Artificial cell models, composed of 
colloidal solutions surrounded by semi- 
permeable membranes, have been used 
extensively in such studies. Such cell 
models liave been studied with varying 
concentrations of narcotics after induc- 
ing changes in viscosity, coagulability, 
adsorbabHity, intracellular oxidation, 
state of hydration and alteration in per- 
meability to ions. These changes to- 
gether with exposure to narcotics prc^ 
duced a subsequent depression of activ- 
ity in the cell. In order to provide a back- 
ground to better understand this aspect 
of narcosis a discussion oi Vcie btiiavior 
of colloids related to protoplasm is nec- 
essary at this point. 

Nature of Colloids 
The physical basis of protoplasm is 
colloidal in character. A colloid is a so- 
lution of large sized particles dispersed 
in a solvent. The distinguishing feature 
between a colloidal solution, a true solu- 
tion, and suspension is in the size of the 
particles dispersed in the solvent. In all 
solutions the particles of solute are re- 
ferred to as the dispersed phase. The 



565 


Mechanisms of Narcosis 


solvent is the dispersion medium. In a 
true solution the particles are individual 
molecules or ions whose diameters are 
less than one millimicron (1.0 mp.). The 
smallest particle visible to the eye, 
aided by the most powerful microscope, 
has a diameter of approximately 200 
milh'microns. Particles in a true and col- 
loidal solution therefore are not visible. 
In other than true solutions the particles 
of solute are composed of excessively 
large molecules or as aggregates of 
smaller ones. When these aggregates are 
less than 200 millimicrons in diameter, 
the solution is termed a colloid; when 
they are greater the solution is termed a 
suspension. Colloidal solutions are sub- 
divided into suspensoids and emulsoids. 

Suspensoids are often called Ujophobic 
colloids because the particles have little 
or no affinity for the solvent. The term 
Ujophobic actually means “fear of wa- 
ter.” Solutions composed of molecular 
aggregates of finely divided metals, such 
as colloidal gold or silver are placed into 
this category. The particles of a lyopho- 
bic suspensoid cany a well defined elec- 
trical charge which tends to keep them 
separated and suspended. A change in 
the sign of the electrical charge or an 
increase in molecular activity, as would 
result if a solution were heated, brings 
the particles closer together. They then 
clump into larger sized particles. In this 
state they may be too large to remain 
suspended and precipitate out of solu- 
tion. Suspensoids are easily precipitated 
if electrolytes which cause changes in 
electrical charges are added to the solu- 
tion, Precipitation of a suspensoid is not 
reversible. 

HYDnopjnLic and Hi’DROpnoBic 
Properties 

Emulsoids are called hydrophilic or 


lyophiJic colloids because the particles 
in the solution have great affinity for the 
solvent The terms lyophilic and hydro- 
philic mean attraction for water. Emul- 
soids are important biologically because 
they abound in protoplasm. They are the 
solutions comprising the proteins, lipoids 
and high molecular weight carbohy- 
drates in the cells. The viscosity of an 
emulsoid is noticeably greater than that 
of the diversion medium from which it 
is composed. On the other hand the vis- 
cosity of a suspensoid differs only slightly 
from that of the solvent. The particles in 
an emulsoid, like those of a suspensoid, 
may aggregate into larger sized particles 
and flocculate (or precipitate) out of so- 
lution. However, they may be restored 
into their colloidal state by changing the 
reaction of the solvent. The precipitation 
of an emulsoid, therefore, unlike that of 
a suspensoid, may be reversible. The 
charges on the particles of an emulsoid 
may be neutralized so that the solution 
is isoelectric. By this is meant that the 
molecules of the dispersion medium are 
at the point of electrical neutrality. The 
particles of an emulsoid are hydrophilic 
and readily take on water. If the par- 
ticles remain hydrated the coffoid is 
stable. Dehydrating agents (alcohol and 
sails) cause precipitation of an emulsoid 
by removing water. The reversal of pre- 
cipitation is called peptization. In some 
colloidal systems, electrolytes or other 
colloids are added to prevent aggrega- 
tion. These, referred to as peptizing 
Agents, act by stabilizing the electrical 
charge on the surface or by providing a 
protective film around the particle. 

Physical Beiiamor of Colloidal Solu- 
TTO.VS 

Colloidal solutions contain, numerical- 
ly speaking, a small number of particles. 
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Tlie particles, Iiowever, may be very 
large relative to those found in true solu- 
tions. The physiochemical properties of 
a colloidal solution are not dependent 
upon the chemical nature of the par- 
ticles, but, rather, upon the total num- 
ber of particles. Therefore, colloidal so- 
lutions exhibit negligible osmotic pres- 
sure (see Chap. 1). The vapor pressure, 
the freezing and boiling points of col- 
loidal solutions are nearly the same as 
those of the solvent. 

Colloidal solutions manifest a phe- 
nomenon knoum as the Tyndall effect. 
Tins is produced by passing a concen- 
trated beam of light through the solution 
and viewing the beam at right angles. 
A whitish turbidity is observed which is 
due to the reflection of light from die 
particles. A true solution does not ex- 
hibit this phenomenon because the par- 
ticles are too small to reflect light. The 
turbidity, if examined closely under 
magniScation, appears to be due to nu- 
merous discrete points of light, each of 
which Is a reflection from an individual 
particle in the solution. Each point of 
light appears to be in a continuous vio- 
lent vibratory motion. This motion is 
due to the bombardment of tbe dis- 
persed particles by tlie molecules of the 
solvent. This movement is known as the 
Brownian movement. The instrument 
used to visualize this activity is called 
the ultra-microscope. 

Anesthesia, and Colloids 

The fact that anesthetics affect the 
colloids in protoplasm was first voiced 
by Ranke (1867) who observed a cloud- 
ing of saline extracts of muscle and nerve 
cells upon the addition of small amounts 
of chloroform. He also noted that proto- 
plasm of infusoria became darker if 
chloroform were added to the fluid sur- 


rounding the cell. Binz (1877) noted a 
coagulation of protein in brain cells by 
dilute chloral or morphine solutions. 
Claude Bernard (1875) also observed 
similar phenomena and attributed them 
to reversible flocculation in the colloids 
of the cells. He was the first to announce 
a theory of narcosis based upon floccu- 
lation of colloids. He assumed that all 
anesthetics, though chemically different, 
acted in a similar manner. He is, there- 
fore, credited with conceiving the Uni- 
tarian concept of narcosis. The theory 
that flocculation of colloids causes nar- 
cosis is refuted because the studies were 
in vitro and the concentrations of drugs 
used were greater than those ordinarily 
found during narcosis in vivo, 

Ulthaaiicuoscopic Chances 
(Bancroft) 

The theory was abandoned for some 
time but was revived by Bancroft in 
1931. He postulated that narcotics do 
act by causing flocculation of colloid 
particles but that this flocculation is 
microscopic and not macroscopic. A re- 
versal of this flocculation (peptization) 
causes a return of vital functions. Ban- 
croft studied living yeast cells with an 
ultra-microscope. He observed the 
effects of chloroform, ether, chloral hy- 
drate and other drugs upon Brownian 
movement. B^o^vnian movement de- 
creased and flocculation became appar- 
ent during narcosis. Washing the anes- 
thetic from the cell caused peptization 
and renewed activity. Tlie cells regained 
their ability to ferment carboh)’drates 
and to multiply. Bancroft also noted an 
increwe in irritability of the cell prior to 
the depression which accompanied ag- 
gregation of the colloid particles. He ob- 
served furtlier that thiocyanates antag- 
onized the depression. 
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Hydration* of Colloids 
The particles in an emulsoid imbibe 
water to form a hydrated structure 
known as a gel when subjected to varia- 
tions in hydrogen ion concentration, 
temperature and other changes. Gel for- 
mation is probably responsible for the 
physical form of protoplasm. Changes in 
the colloidal state from any cause, there- 
fore, results in changes in water content 
and a change in viscosity of the colloid 
in the cells. Anything which causes floc- 
culation, which is the reverse of gel for- 
mation, causes water to be lost from the 
colloid. Since anesthetics cause floccu- 
lation they would cause loss of fluid. De- 
hydration of animal and plant cells ex- 
posed to anesthetics has been observed 
by numerous investigators. It is not sur- 
prising then to find that investigators 
have proposed the loss of water as the 
cause of depressed cellular activity. Du- 
bois (1882) noted that depressant drugs 
caused an irreversible transudation of 
fluid from plant cells. Stephanowski 
(1902) noted a reversible dehydration by 
chloroform in vorticella, a unicellular 
plant. Knaffl-Lenz (1908) noted that alco- 
hol, ether, and other narcotic substances 
caused a shrinkage in volume of erythro- 
cytes suspended in saline solutions which 
he felt resulted from loss of water from 
the cell. Hober (1907) likewise associ- 
ated shrinkage of cells wth water loss 
and with anesthesia. Kochman (1923) 
noted that various anesthetic drugs 
caused a shrinkage in fragments of fibrin. 
This process was reversible. Dehydra- 
tion, however, is not necessarily a con- 
stant finding in narcosis. Increased activ- 
ity has also been seen in some cells wlien 
fluid was lost. Frog muscle cells, for ex- 
ample, respond with increased irritabflily 
if treated with glycerin, which is a dehy- 
drating agent. The dehydration theory 


of Narcosis 

like many others lacks adequate proof 
and has many exceptions. 

Thixotropy and Anesthesia 
The thixotropic setting theory of Sie- 
fritz (1941, 1950) likewise falls into the 
category of colloidal changes. Observa- 
tions were made on gelation of slime 
mold when exposed to various anesthetic 
agents. The term thixotropic is used to 
indicate a reversible gelatinization of 
protein. The term refers particularly to 
certain gels which liquefy when sub- 
jected to the action of vibratory' forces, 
such as shaking or ultrasonic waves. 
Gelation or setting recurs when the lique- 
fied substance is allowed to stand. The 
addition of electrolytes and other sub- 
stances causes the gel to re-form. Cer- 
tain anesthetic agents apparently initi- 
ate the same response. This theory is 
beset with the same objections common 
to other theories of dehydration and co- 
agulation. The observations were made 
in non-mammalian tissues. Concentra- 
tions of drug employed were far above 
those used clinically. The phenomenon 
of tachy-phylaxis was observed with 
commonly employed agents (cyclopro- 
pane, ethyl chloride) which do not mani- 
fest it ordinarily during clinical anes- 
thesia. 

SimFACE Phenomenon and Anesthesia 
The total surface area of the particles 
in a colloid solution is immense. The 
more particles into which a given vol- 
ume of a substance is subdivided the 
greater is the surface presented by that 
mass to a dispersion medium in which 
it is suspended. In a colloidal solution a 
small quantity of a substance is sub- 
divided into many small aggregates. 
These present a large surface to the dis- 
persion medium and thereby create an 
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immense interphase. Consequently^ sur- 
face phenomenon which come into play 
at the interphases formed between the 
solute and solvent in colloidal systems 
assume considerable importance. 

ADSORPTION AND ANESTHESIA 
Nature of Adsorption 

Certain substances tend to become 
concentrated on the surface of a solid 
or liquid by a process called adsorption. 
Adsorption is a type of adhesion which 
takes place when a substance in a 
medium is in contact with another medi- 
um. An increased concentration of 
molecules occurs from that medium on 
the surface of the newly added medium. 
Adsorption is a physical process rather 
than a chemical union. Cliarcoal, silica 
gel and colloidal hydroxides, such as 
those of aluminum possess the attribute 
of adsorbing chemicals to their surfaces. 
Tliere are various types of adsorption. 
The adsorption is said to be polar when 
the material adsorbed (adsorbate) con- 
sists of positive and negative ions. In 
this case the adsorbed film has an over- 
all electrical charge. The term polar ad- 
sorption is also applied when adsorption 
is due to attraction of polar groups in 
the adsorbate for the adsorbent. Tlie 
accumulation o£ the adsorbed substance 
at the boundary of the adsorbing sur- 
faces and the medium holding them as- 
sumes a definite pattern A fatty acid 
added to an oil/waler system becomes 
distributed as a single layer of mole- 
cules over tlie interphase. The carbo:^! 
group of the acid is oriented into the 
water since it is chemically similar to 
this substance. The alkyl portion of tlie 
molecule (hydrocarbon residue) is ori- 
ented into the oil with which it is chem- 
ically allied. The carboxyl group is 
called a “polar” group, the alkyl residue 


the "non-polar” group. Thus, droplets of 
lipid in water could adsorb a fatty acid 
without combining with it. On the basis 
of die mechanisms involved adsorption 
may be classed as chemical (chemosorp- 
tion) or Van der Waals adsorption. In 
chemosorption forces of a chemical (va- 
lence) nature are involved. In Van der 
Waals adsorption tlie electrical forces ex- 
hibited by non-polar molecules of the 
non-valence type are involved. Heat ex- 
change is involved in adsorption. In the 
Van der Waals type heats of adsorption 
are of low magnitude. Tlie heat changes 
arc of the same order of magnitude as 
tlie heats of vaporization (5 to 10 kilo- 
calories per mole), Chemosorption in- 
volves larger quantities of heat. It is ob- 
served at higher temperatures. 

Adsorption may be specific. By tliis is 
meant Uiat one substance is adsorbed 
preferentially over others. Adsorption 
may be directional in which case the 
adsorbed molecules are directionally ar- 
ranged on the adsorbed surface. Adsorp- 
tion may be negative in which case the 
concentration of adsorbate is less on the 
surface than in the surrounding medium. 
A surface of an adsorbent may be acti- 
vated by heating and driving off mole- 
cules of adsorbate. 

The degree o£ adsorption varies vAth 
changes in temperature. It decreases as 
the temperature increases and increases 
as the temperature is reduced. Gases 
which ordinarily are not adsorbed by 
activated charcoal at room temperature 
maybe removed from a mixture by ad- 
sorption by extreme cooling. The amount 
of substance adsorbed by a unit mass of 
adsorbent varies with the concentration 
in the solution, the nature of the ad- 
sorbent, and the temperature of the 
medium. The amount adsorbed is a con- 
stant value for a given substance, at a 
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given set of experimental conditions. 
Thus, an adsorption equilibrium is estab- 
lished for a particular substance at a 
given temperature and concentration. 
The amount adsorbed is not necessarily 
in direct proportion to the concentration. 
Adsorption is relatively greater in dilute 
solutions. The curve obtained by plot- 
ting concentrations against the amount 
adsorbed when conditions are isothermal 
is called the adsorption isotherm. Equa- 
tions expressing the relationships of ad- 
sorption have been proposed by numer- 
ous workers. The classical one is that of 
Freundlich. Langmuir also proposed one. 
Both Freundlich’s and Langmuir’s are 
applicable to gases. The degree of ad- 
sorption is usually studied by plotting 
the adsorption isotherm, or determining 
the decrease in concentration of the 
substance in the dispersion medium 
when various quantities of absorbent 
and agent are mixed. 

Adsorption and Anesthesia 
Some narcotics are readily adsorbed 
to activated surfaces. Barbiturates and 
local anesthetics, for example, are readi- 
ly adsorbed by activated charcoal added 
to dilute aqueous solutions. This ready 
adsorbability of depressants has been 
the basis of one of the theories of nar- 
cosis. King (1930) and others noted a 
parallelism between narcotic activity and 
the quantity of various narcotics ad- 
sorbed at a paraflSn-water interface. Lil- 
lie and Warburg obtained similar evi- 
dence from experiments on plants and 
animal cells. Hiller observed that certain 
depressant drugs applied to the surface 
of amoebae produced narcosis. This re- 
sponse was not obtained when the sub- 
stance was injected into the cell. Burger 
attempted a theoretical explanation of 
narcosis on the basis of an increased ad- 
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sorptive capacity of anesthetic drugs re- 
sulting from the alleged strain between 
carbon atoms in the molecules. Accord- 
ing to the Bayer-Theile theory of partial 
valences a strain exists between carbon 
atoms. This strain is greater in unsatu- 
rated substances than saturated and 
greater in cyclic compounds than straight 
chain. Saturated hydrocarbons are less 
potent than unsaturated cyclic hydro- 
carbons and are, therefore, more potent 
than straight chain derivatives. Cyclo- 
propane, because of its configuration, 
allegedly should show a greater strain 
between its carbon atoms than propyl- 
ene and, therefore, should be more easily 
adsorbed. As is the case with other 
theories the adsorption theory is beset 
with many exceptions and gaps. 

SURFACE AND INTERFACUL 

TENSIONS AND ANESTHESIA 

Another phenomenon which occurs at 
liquid interfaces which is of biological 
interest is that known as surface fenrion. 
The cohesive forces between molecules 
of a mass of a substance is not uniform. 
The molecules in the interior of the mass 
are acted upon equally in all directions 
by contiguous molecules. Those on the 
periphery are acted upon wth a greater 
force by the more numerous molecules 
in the interior. In a fluid the molecules 
lend to be d^a^vn inward from the pe- 
ripheiy. The number of molecules on the 
surface, therefore, becomes reduced to a 
minimum. A given volume of a sub- 
stance tends to assume the smallest area 
possible. If the volume of the mass of 
liquid is small, the mass assumes a 
spherical form. Particles of liquids as- 
sume a spherical shape when they fall as 
a result of this inward pull of the inner 
molecules. 

If an attempt were made to increase 
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the surface from this minimum obtain- 
able one, work would be necessarj’ to 
overcome the forces exerted by the 
molecules in the interior of the mass 
upon the molecules on the surface. Tlie 
energy required to extend the surface is 
referred to as “free energy.” A hypotheti- 
cal force acting in all directions parallel 
to the surface substituted for this free 
energy is called ^rface tension. Such a 
force is expressed in dynes per sq. cm. 
and the work done is measured in ergs. 
Pure water has a surface tension of 70 
dynes per sq. cm at SS^C. The surface 
tension of a liquid \'aries with the tem- 
perature and purity of the liquid. The 
surface tension of water decreases as 
temperature increases. Certain chemi- 
cals, particularly substances possessing 
long carbon chains to winch are attached 
carboxyl, hydroxyl and other polar 
groups (oils, soaps) lower surface tension. 
In other words, they decrease tlie attrac- 
tion between the interior and outer 
molecules of a drop of water. 

Surface tension is a phenomenon oc- 
curring at an interface of two dissimilar 
immiscible substances. Because this Is 
so, surface tension is linked with and re- 
lated to adsorption. A substance which 
reduces the surface tension of anotlier 
substance accumulates on the surface 
layer of that substance. In otlicr words, 
it is readdy adsorbed to the surface. Tlie 
surface tension and adsorption concepts 
have much in common. 

The boundary between a liquid in 
contact with a gas is known as a gas- 
liquid interphase. An interface also 
forms when two immiscible liquids are 
mixed at the boundary of the particles 
of each liquid. In biological systems in- 
terfaces are formed between two im- 
miscible liquids rather than a gas and a 
liquid. There is some difference between 


the two types of systems. The behavior 
of the surface at the liquid-liquid inter- 
face is the same as if each liquid were 
in contact with a gas; namely, there is 
a contraction of the surface of the mass 
of liquid. This behavior, as in the case of 
a liquid in a gas, likewise, results in a 
greater attraction of the molecules in the 
interior of the liquid for those at the sur- 
face. A free energy, therefore, is present 
in such a system. In this case, however, 
the force is referred to as the intcrfacial 
tension and not as surface tension. The 
molecules of one liquid attract the 
molecules of the other liquid and cause 
a decrease in the inward pull of the in- 
terior molecules on those at the inter- 
face. The interfacial tension of a liquid 
is less than the surface tension of the 
same liquid in a gas liquid inlerphase. 
Two liquids become miscible when the 
interfacial tension of each becomes zero. 
Cibbs has demonstrated that adsorption 
of a substance at an interface is accom- 
panied by a lowering of surface tension. 

The fact that surface tension could 
play a role in narcosis occurred to 
Traube. He observed, in studies on 
osmosis, that substances which de- 
creased surface tension passed into cells 
with greater ease than those which did 
not. Traube noted a parallelism between 
the narcotic potency of members of a 
homologous series of narcotic substances 
and tlieir ability to lower surface tension 
in vitro. He studied the surface tension 
lowering effect of a series of aliphatic 
straight chain alcohols upon water at 
IS^C. by measuring their capillary ac- 
tivity. Substances xvith high degrees of 
surface tension activi^' are readily drawn 
in to capillary tubes. Each member of the 
series was three times more effective in 
reducing surface tension than the mem- 
ber which preceded it. A comparison of 
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the capillary activity at 18°C. of the ace- 
tate esters of the following alcohols illus- 
trates this point: 

Methyl 58.1 mm. (1 N) 

Ethyl 58.0 mm. (1/3 N) 

Propyl 57.0 mm. (1/9 N) 

However, Traubes theory is untenable 

for a number of reasons: First, Traube’s 
experiments were done using air-liquid 
interfaces. Second, too many substances 
which are potent narcotics are without 
effect on surface tension. Joachim Ogler 
(1921) pointed out that many halogen- 
ated hydrocarbons which manifest little 
capillary activity, among them ethyl 
chloride and chloroform, are potent nar- 
cotics. Third, surface tension decreases 
as body temperature is approached. 
Traube’s observations were made at 
room temperature. Frank Me)'er demon- 
strated that numerous non-lipoid soluble 
substances capable of lowering surface 
tension have no narcotic activity. 
Trauble (1924) modified his views after 
further experimentation with absorption 
of anesthetics by gels containing lipoids 
and admitted that some mechanism 
other than capillary activity is involved 
in narcosis. fJecently Feafherstone and 
Wulf have indicated that Traube’s data 
is additional experimental proof of cor- 
relation of anesthetic properties with 
Van der Waals' forces. This is discussed 
further on. 

Pehmeability of the Cell 
Membranx and Anestidesia 

Tire living cell is surrounded by a film 
or membrane which delineates the proto- 
plasm from its environment. This mem- 
brane permits passage of water, electro- 
lytes, metabolites and other substances 
into and out of the cell by a process of 
selective permeability. In most living 
cells no actual membrane is demon- 
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strable histologically or can be separated 
from the rest of the cell. There has been 
much speculation in the past concerning 
the makeup of the membrane. The mem- 
brane was believed by early workers to 
be a film at the surface composed of a 
layer of the same constituents present 
within the cell but at increased concen- 
tration. Tlie mechanism causing the in- 
crease in concentration was believed to 
be similar to that which occurs when the 
suface tension of a solvent is lowered by 
a solute. The constituents ordinarily 
found in the cell membrane were thought 
to markedly lower surface tension. Other 
workers proposed that the lipoid sub- 
stances present in the protoplasm be- 
came concentrated in the cell membrane 
and that they were capable of lowering 
surface tension. Overton supported the 
view that the cell membrane was a film 
composed essentially of lipoids. If this 
were the case lipoid-soluble substances 
would be permeable to the membrane. 
Others proposed that the cell membrane 
was a complex colloidal emulsion of 
watery solutions of protein and a lipoidal 
dispersion. When the cell was at rest, 
the lipoid was dispersed in the protein 
solution. The latter was referred to as 
the continuous phase. The addition of 
certain ions, particularly polyvalent 
anions, such as those of calcium and 
aluminum, to such an emulsion caused a 
reversal of the phase. The system was 
then converted into one in which the 
aqueous protein solution became the 
dispersed phase in the lipoid. The lipoid 
then became the continuous phase. 
Wlien the continuous phase was water 
the dissolved protein and the membrane 
was permeable only to substances sol- 
uble in water. ^Vhen the continuous 
phase was lipoid, lipophilic substances 
penetrated into the system. Thus, a re- 
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versal of tlie nature of tlie emulsion in 
the membrane was believed to result 
when electrolytes and other agents came 
into contact with the membrane. These 
changes in turn caused changes in per- 
meability. Tlicse speculations served to 
explain the phenomenon observed in 
studies on permeability. Tliey were the 
forerunners of the present day concept 
which regards the cell membrane as a film 
of protein and lipoid material. The pro- 
tein forms a double layer between which 
is the lipoid layer in a sandwich-lihe fash- 
ion. The protein molecules are arranged 
tangentally to the circumference of the 
cell boundary while the lipoid molecules 
are arranged at right angles like the 
spokes on a wheel with possibly some in- 
termeshing with the protein. The hydro- 
philic groupings on the protein mole- 
cule, such as the (NHs. CONH) etc. be- 
come oriented into the water phase both 
at the exterior and the interior of the 
cell, while the lipophilic groupings on 
the protein molecule orient into the cen- 
trally located lipoid. Tlie protein mole- 
cules have a helicoid (spiral shape), from 
which various groups, both hydrophilic 
and hydropholic, project. It has been 
postulated that there are vulnerable sec- 
tions in the protein molecule and that 
tVie lipoid, may at various points, ap- 
proach the cell surface. Molecules foreign 
to the cell, thus, have not only the pro- 
tein and lipoid barriers to traverse, but 
in addition arc beset with the possibility 
of combining with elements in the cell 
membrane. Tliey may also alter the 
physical or chemical structure of the 
constituents of the membrane. Tliey may 
cause the protein to fold which results in 
changes in volume of the spiral. If the 
chemical nature of the cell membrane is 
such that it absorbs some of the mole- 
cules of solute or if it can combine with 
tbe solute it may impede progress of a 


foreign molecule. If the constituents of 
tbe membrane carry polar groups for 
which the solute molecules have an 
affinity, passage may likewise also be 
impeded. Such impedance is referred to 
as a decrease of permeability. 

Much of the data concerning the 
ability of substances to traverse the cell 
membrane has been obtained from plant 
cells, red blood cells or unicellular or- 
ganisms. Data on human cells are meagre. 
The concept that anesthetics alter the 
permeability of the cell membrane and 
causes narcosis has been proposed by 
numerous workers. Hober (1907) was the 
first to advocate the theory. He empha- 
sized the importance of lipoid material 
In the cell membrane and felt that the 
drug was adsorbed to the lipoids, there- 
by decreasing the permeability and caus- 
ing narcosis. Actually he embodied the 
lipoid theory with the permeability 
theory. Stimulating drugs cause not only 
an increase iu permeability but also an 
increase in irritability. Increase in sta- 
bility of the membrane is associated 
with a decrease in permeability and in- 
activity of the cell. Hober noted that in- 
troduction of polar groups, as for e.x- 
ample, the carboxyl, hydroxyl and 
amino, decrease the penetrating ca- 
paaVy of a molecrole thicnigb a Tnem- 
brane and that non-polar groups (halo- 
gens, alkyls) increased the penetrating 
capacity. Also, in an homologous series 
the penetration rate rose as the length 
of the carbon chain increased. In general 
the following types of chemicals easily 
traverse the cell membrane. (1) Gases, 
including the inert as well as the active, 
(2) highly lipophilic compounds, (3) or- 
^nic bases (amines but not quaternary 
compounds), (4) unionized combinations 
of weak acids and weak bases. Poor 
penetration is observed with (1) com- 
pounds which have low fat solubility 
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compared to water solubility, (2) salts of 
organic bases, (3) highly ionized com- 
pounds. As a rule, monohydric alcohols, 
aldehydes, ketones, aliphatic hydrocar- 
bons and their halogenated derivatives 
and weak organic bases (local anesthet- 
ics) pass through readily. Dihydric alco- 
hols and amides of monobasic acids tra- 
verse more slowly. Trihydric alcohols, 
urea and thiourea traverse still more 
slowly. Tetrahydric alcohols and those 
with more hydroxyls, sugars, neutral salts 
of organic acids pass still more slowly. 

Although other workers also associ- 
ated changes in permeability with nar- 
cosis, Lillie (1909) was the leading pro- 
ponent of the theory. He studied the 
diffusion of carbon dioxide from cells of 
certain larvae and based changes in per- 
meability upon resulting variations in 
cell diameter. He observed that a de- 
crease in permeability occurred during 
narcosis from chloroform, alcohol and 
other depressants. He noted an increase 
in size of sea urchin eggs when they were 
exposed to dilute solution of certain nar- 
cotics. He noted that the inward dif- 
fusion of ions was decreased during nar- 
cosis. Many of his observations were cen- 
tered about the study of difiusibn of 
intracellular pigments from the interior 
of the cell. Lillie, likewise, emphasized 
the importance of lipoids in the celf and 
observed that their presence or absence 
exerted considerable influence upon per- 
meability. He felt that the ionic inter- 
change necessary for depolarization and 
repolarization was retarded because the 
narcotic decreased the permeability. 
Winterstein (1915) also observed that 
narcotics decreased the permeability of 
cell membranes. His observations were 
made on permeability of muscle cells to 
various ions. Winterstein, unlike Lillie, 
discounted the influence of lipoids. Os- 
tergren has suggested that molecules in- 
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teract with the lyophilic-protein chains 
of narcotics and cause the latter to fold 
and assume a corpuscular shape and thus 
alter function of the cell. Dode and his 
associates also suggest that narcotics act 
upon lipophilic-protein chains of pro- 
teins in the cells. McElroy has suggested 
that penetration of the narcotic into the 
lipo-protein film of the cell causes an in- 
crease in cell volume and unfolding and 
denaturization of the protein which is 
followed by a decrease in cellular func- 
tion. 

As is the case with other theories the 
permeability theory is not Unitarian and 
does not explain all situations and has 
contradictions and exceptions. In some 
cases permeability is increased during 
narcosis rather than decreased. A par- 
ticular drug may increase permeability 
in one species and decrease it in another 
and still produce narcosis in each spe- 
cies. 

In spite of the evidence against it the 
theory is diflacult to disregard because 
the concept of permeability change and 
variations in physiologic function is well 
established in physiology and is con- 
stantly being presented. Biological ac- 
tivity IS associated with electrostatic 
phenomena known as repolarization 
and depolarization. In order to have 
changes in polarity in a cell a change 
in membrane permeability to certain 
ions must occur. Depolarization-repola- 
rization phenomena are known to occur 
at the myoneural membrane, at the ax- 
one as the impulses pass down a nerve 
fibre and other sites. It has been observed 
that ions penetrate membranes with diffi- 
culty. Ions do pass through a membrane, 
however, but some mechanism of active 
transport is present which is inherent in 
the cell membrane to move the ions. 
Energy is involved in the transfer, since 
they do not diffuse of their own free will, 
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but are transported against a gradient. 
A nerve fibre at rest has an unsym- 
metrical concentration of ions with a 
preponderance of potassium on the in- 
terior and sodium on the exterior. Dur- 
ing activity both ions move freely and 
depolarization occurs. During restitution 
sodium ions are extruded outward by a 
mechanism called the sodium pump 
(Chap. 21) which becomes active. The 
sodium pump, which serves to explain 
the excitation of nerve tissue, is in some 
ways a restatement of Lillie’s idea of 
permeability. Changes in permeability, 
however, are probably secondary to more 
direct action of anesthetics on metabo- 
lism. Since energy is required to trans- 
port ions across a membrane from an 
area of lower pressure gradient to a 
higher one, there is a possibility that nar- 
cotics act by causing a decrease in the 
output of energy. It must be remem- 
bered that narcosis can occur both with 
and witlioul depolarization. Therefore, 
depolarization cannot be used as a Uni- 
tarian concept to explain narcosis. 

The permeability theory is interesting, 
liowever, even though not applicable as 
an explanation of the cause of nar- 
cosis. 

VISCOSITY 

Interrelated witli changes in colloidal 
behavior and their attendant changes in 
gelation is tlie physical property knowm 
as viscosity. Viscosity (Chap. 2) may be 
defined as internal friction within a 
liquid. Viscosity of an aqueous solution 
decreases as the temperature rises. So- 
lutes which lower the surface tension of 
water cause an increase in viscosity. The 
solute becomes concentrated at the sur- 
face. This leads to the formation of a 
viscous layer xvliich may even develop 
into a visible film. Ebbccke (1936) sug- 
gested that narcotics increased viscosity 


and thereby interfered witJi cellular 
function by causing an increase in den- 
sity of the cell membrane. This inter- 
feres with diffusion and exchange of 
substances between the interior of the 
cell and the extracellular environment as 
is tile case witli other theories. There 
are many exceptions which make this 
theory untenable. Chloroform and vari- 
ous alcohols, for example, cause viscosity 
of cytoplasm of animal cells to decrease 
during narcosis instead of increase. Still 
they are effective narcotics. 

CtCEXtlCAL Uniok xvim Intoacellular 
Elements 

Some theories of narcosis postulated a 
chemical union between the narcotic and 
certain cellular constituents. Moore and 
Roaf (1905) noted tliat more chloroform 
was present in the red blood cells than 
could be accounted for by mere solubil- 
ity. They noted Uiat a reversible opales- 
cence appeared in the serum during anes- 
thesia and disappeared on recovery. 
They, therefore, postulated that the drug 
combined with cellular elements, proba- 
bly with proteins, since these are more 
universally present in protoplasm. Tlie 
combination is a loose one. This resulting 
compound inhibits the cellular activity 
tfiereby causing depression. Chlorofonn 
causes no precipitation of proteins when 
concentrations necessary’ for anesthesia 
arc present in blood. The concentration 
required to produce opalescence of the 
type described by Moore and Roaf is far 
above tliat necessary for anesthesia. 
There is little evidence to support this 
tlieory, 

OXYGEN CONSUMPTION 
AND ANESTHESIA 

Not long after the importance of in- 
tracellular oxidation was established the 
concept that narcosis could be due to 
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oxygen deprivation was advanced. In- 
tracellular oxidation was ascribed to the 
presence in the cell of the bivalent car- 
bon atom by Nef. Matthews-Brown sug- 
gested that narcotics inhibit the acthdly 
of the carbon atom. Oxygen utilization 
was decreased and this in turn caused a 
decrease in cell function. This, of course, 
had no factual baching. Baglioni like- 
wise suggested that depressant drugs in- 
terfered with oxygen utilization. Ver- 
wom (1909) likewise advanced an oxy- 
gen deprivation theory. He noted that 
oxygen consumption of cells decreased 
when they were narcotized. He postu- 
lated the narcotic induced changes with- 
in the cell which prevented oxygen from 
diffusing inward. The oxygen w'as nor- 
mally stored in protoplasm for metabolic 
use. He believed that oxygen %vas util- 
ized by the cell at the same rate in both 
the pre-narcotized and narcotized phases 
but that oxygen was unable to pass in- 
ward in the narcotized cell. Asphyxia 
ensued when the oxygen supply was de- 
pleted. Evidence to support this supposi- 
tion was lacking. Anoxia, asphyxia and 
narcosis are separate and distinct phe- 
nomena. The symptoms of anoxia dur- 
ing anesthesia are totally different from 
those of narcosis. Vei^vom did not con- 
clusively demonstrate that a decrease in 
oxygen consumption is the cause of and 
not the result of narcosis. Barker (1910) 
ascribed narcosis to the utilization of 
oxygen by narcotic substances. He noted 
that during the electrolysis of water less 
oxygen accumulated at the anode when 
ether was present in the solution. Mans- 
field (1909) explained depression by sug- 
gesting interference of oxidation im- 
pedance of tlje passage of oxygen 
through lipoids by the narcotic. Despite 
this, the idea that o.xidation is inhibited 
by narcotics has been expressed in differ- 
ent manner by others. Warburg and 
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Wiesel (1912) observed that oxalic and 
amino acids adsorbed to activated char- 
coal became oxidized due to the effect of 
the charcoal. He noted that the presence 
of a narcotic inhibited oxidation in such 
a nonliving physical system. Warburg 
postulated that molecules of the narcotic 
were adsorbed in monomolecular layers 
on the charcoal and prevented adsorp- 
tion of the acid. He postulated that this 
carries over to the living cell and that the 
narcotic blocks the passage of metabo- 
lites into the cell. Warburg’s concept is 
Unitarian, non-specific and disregards the 
diverse nature of depressant dnigs. The 
modem concept of polar orientation of 
molecules at activated surfaces is in con- 
flict with Warburg's ideas. Warburg’s 
ideas laid groundwork for further study 
on intracellular oxidation, however. 
Quastel and other workers pursued the 
thought further and proposed that intra- 
cellular oxidation is inhibited by inter- 
ference of enzymatic activity by the nar- 
cotic. The present day concept is that oxy- 
gen is transferred to substrates indirectly 
with various enz^-me systems acting as 
intermediaries. Narcotic substances de- 
press the activity of these intermediaries. 
In order to Facilitate understanding of 
these concepts, a brief resume of intra- 
cellular oxidation is offered at this time. 

CELLULAR RESPIRATION 
Sources of Energy 
The energy of living tissues is largely 
deriv'ed from aerobic oxidation of or- 
ganic metabolites. Some energy may 
also be derived anaerobically, in the ab- 
sence of oxygen, by the process often 
referred to as fermentation. Muscle cells, 
for e-xample, may fragment hexose mole- 
cules to lactic acid liberating energy in 
the process. The total energy released 
from a unit weight of hexose by fermen- 
tation is less than that obtained if the 
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hexose were burned aerobically to car- 
bon dioxide and water. 

Natube oe Oxidation 

Oxidation may be looked upon in one 
of two ways: (1) It may be the addition 
of oxtfgen to a compound or (2) the re- 
moval of hydrogen from it. In either case 
there is a loss of electrons from the sub- 
stance oxidized. Reduction on the other 
hand is the reverse of oxidation. It in- 
volves the loss of oxygen from a com- 
pound or the addition of hydrogen to it. 
Electrons are gained by the substance 
reduced. Oxidation and reduction must 
be considered together because ordinari- 
ly when a substance is oxidized the proc- 
ess usually occurs through the agency of 
another substance which is simultane- 
ously reduced. 

Respiratorv Enzymes 
Metabolites from which body energy 
is derived are carbohydrates, fats, or 
proteins. Oxidation of the metabolites 
occurs through the medium of enzymes. 
Tire cells cannot utilize molecular oj^- 
gen directly. These enzymes, called res- 
■piratory enzymes, either activate molec- 
ular oxygen so that it easily combines 
with a given metabolite, knorvn as the 
substrate, or they activate hydrogen 
atoms on the substrate and facilitate the 
removal of the hydrogen atoms from 
the molecule and their transference to 
other substances which are able to ac- 
cept or combine with them. TTius, the 
substrate, sometimes called the Fxydrogen 
donator, is oxidized and the substance 
wlrich receives the hydrogen, called the 
hydrogen acceptor, is reduced. Enzymes 
which facilitate the acceptance of molec- 
ular o.xygen by a substrate are known as 
oxidases. Enzymes which effect the re- 
moval of hydrogen from a substrate are 
known as dehydrogenases. Agents are 


present in the tissues which act as inter- 
mediates or “come-betweens” the dehy- 
drogenases and oxidases. 

Thus three types of oxidative re- 
sponses may occur in cells. (1) A de- 
hydrogenase may act alone, without the 
aid of an intermediate carrier, to remove 
hydrogen and transfer it directly to mo- 
lecular oxygen to form water. Neither a 
carrier nor oxidase is required. (2) Oxi- 
dases may activate molecular oxygen 
so tliat a combination may be effected 
with the metabolite directly. No carriers 
or dehydrogenases are required. (3) A de- 
hydrogenase may activate hydrogen 
which is removed from the substrate and 
passed on by the aid of one or more in- 
termediate substances to o.xygen. Tire 
oxygen cannot be utilized directly but 
must first be activated by an o.xidase. 
The processes is the same as 1 and 2 ex- 
cept that both oxidase and dehyrogenase 
are involved together with intermedi- 
aries. 

Oxidation in Cells 

The simple, direct processes of addi- 
tion of oxygen or removal of hydrogen 
are uncommon in living cells. Most oxi- 
dations involve the simultaneous use of 
the combination of oxidases, dehydro- 
genases and carriers. Instead of oxygen 
being combined directly to the substrate, 
the electrons are passed along from the 
substrate to several intermediate sub- 
stances whidi in turn transfer them to 
the o^gen to form water. A certain pig- 
ment knowm as cytochrome, found in 
many types of aerobic cells, is capable of 
accepting electrons. It, therefore, acts as 
a Iiydrogen acceptor. The hydrogen is 
converted to hydrogen ion which re- 
mains in solution. Three types of cyto- 
chrome have been identified in tissues 
(a, b, and c). Each is quite similar to the 
other and all resemble hemochromogens 
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in structure. Tliey contain iron in the 
ferrous state. This iron is oxidized to the 
ferric state by molecular oxygen. The 
conversion of iron from the ferrous to the 
ferric state, in a sense, makes iron an 
oxygen carrier. Cytochrome may be oxi- 
dized by a specific oxidase known as the 
respiratory enzyme of Warburg. Two 
electrons are accepted by oxygen from 
cytochrome which, with H* present in 
solution, forms water. Cytochrome c is 
auto-oxidizable. By this is meant that no 
oxidase is required for oxidation but that 
the enzyme combines directly with mo- 
lecular oxygen. Some dehydrogenases 
transfer hydrogen directly from the sub- 
strate to cytochrome. Succino-dehydro- 
genase of muscle activates hydrogen and 
transfers it directly to cytochrome. How- 
ever, the majority of the oxidations re- 
quire one or more intermediate hydrogen 
carriers. Hydrogen carriers are capable 
of alternately becoming oxidized and 
reduced and, thus, bring about oxidation 
in steps. As many as three carriers may be 
involved in an oxidation-reduction sys- 
tem. 

One of the important hydrogen car- 
riers is phosphopyridine nitcleotide. This 
is a complex substance formed from ade- 
nine, nicotine amide, di-ribose and phos- 
phoric acid combined with a protein. 
Two nucleotides of this type have been 
identified— a diphosphopyridine nucleo- 
tide and a triphosphopyridine nucleo- 
tide. These are usually referred to as 
coenzyme I and II, respectively. An- 
other carrier of importance of somewhat 
similar type is the yellow enzyme of 
Warburg. This consists of flavin, a nu- 
cleotide, and protein. This is called 
flavin monophosphate (F.M.N.). These 
have been feowm for quite sometime. 
Recently other hydrogen transfer coen- 
zjTnes have been discovered. Another 
flavoprotein known as flavin adenine 
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dinucleotide (F.A.D.) mediates the first 
step of oxidation of the lower fatty acids. 
Lipoic acid (6,8 dithiolactanoic acid) 
likewise has been recently found to par- 
ticipate in hydrogen transfer. More re- 
cently still, a new quinone, coenzyme Q, 
has been isolated. This is found in the 
lipoprotein in the mitachondria and ap- 
pears to function in a non-aqueous 
medium. Apparently the lipoids in the 
mitachondria exist as isolated areas or 
islets in an aqueous sea and this enzyme 
is found in these globlets. 

In addition to the cytochromes four 
carbon dicarboxylic acids, malic, suc- 
cinic, fumaric and oxaloacetic, are capa- 
ble of being alternately reduced and 
oxidized so that they act as both hydro- 
gen acceptors and donators since they 
can be converted from one to the other. 
Ascorbic acid is also capable of being 
oxidized and reduced and, therefore, 
acts as a carrier. Glutathione and a num- 
ber of diphenols act similarly. It is In- 
teresting to note that a number of vita- 
mins play important roles in oxidation- 
reduclion systems. Among these are 
nicotinic acid (found in the coenzymes), 
thiamine, riboflavin and ascorbic acid. 
Thiamine pyrophosphate (cocarboxylase) 
facilitates the oxidation of pyruvic acid 
to carbon dioxide and water. The train of 
events involved in the use of coenzymes 
in oxidation is as follows: The substrate 
is activated by a dehydrogenase which 
facilitates the transference of hydrogen 
to the pyridine nucleotide. The nucleo- 
tide accepts the hydrogen and is thereby 
reduced while the substrate becomes oxi- 
dized. The pyridine nucleotide in turn 
is oxidized by passing electrons to a sec- 
ond hydrogen acceptor, possibly to one 
of the flavoprotein system. This, in turn, 
transfers electrons to each of the cyto- 
chromes successively. The cytochromes 
are oxidized through the action of the , 
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ovidases and oxygen to form water and 
liberate energy. 

Molecular oxygen can be utilized di- 
rectly by the cell only when jt is acti- 
vated by oxidases. A number of oxidases 
have been isolated from plant and ani- 
mal cells. The respiratory enzyme of 
Warburg, which has already be^ de- 
scribed, is essential for oxidation of <ylo- 
chrome. It is a derivative of hematin and, 
therefore, contains iron. Tlie iron appar- 
ently is responsible for the oxygen up- 
take. The respiratory enzyme is fre- 
quently referred to as indophenol oxi- 
dase because it also catalyzes the oxida- 
tion of phenolic compounds. The respira- 
tory enzyme is also called cytochrome 
oxidase because it is involved in the 
oxidation of cytochrome. A second oxi- 
dase which has been isolated is poly- 
phenol oxidase. This is so named because 
it oxidizes various phenols. A third oxi- 
dase isolated from living cells is called 
monophenol oxidase. This is believed to 
be identical with tryosinase. Trtjosinase 
also oxidizes phenols. Oxidases act only 
in aerobic systems, dial is, in environ- 
ments in which oxygen is always avail- 
able. In certain isolated instances, oxygen 
may act as a hydrogen acceptor. In this 
case the system is called an aerobic dc- 
hydrasc system. Oxygen combines with 
hydrogen to form hydrogen peroxide. Hy- 
drogen peroxide is toxic to tissues. There- 
fore, an enzyme kno\vn as catalase is pres- 
ent in tissues which favors the breakdown 
of the peroxide to water and molecular 
oxygen. Hydrogen peroxide, therefore, 
cannot accumulate in tissues in the pres- 
ence of catalase. Besides catalase, an- 
other enzyme is present in tissues which 
acts on peroxides, called peroxidase. 
Peroxidase decomposes hydrogen perox- 
ide to oxygen and water. It allows utili- 
zation of the liberated oxygen since it is 
a more active oxidizing substance than 


ordinary oxj'gen. Peroxidase and catalase 
are also pigment type substances derived 
from hematin and, therefore, contain 
iron. Iron containing enzymes are pois- 
oned by cyanides. 

Many respiratory enzymes exist and 
have been described. These, as is the 
case with most enzymes, are specific and 
catalyze one type of reaction. Lactic de- 
hydrogenase, for example, oxidizes lactic 
acid to pyruvic acid; succinic dehydro- 
genase oxdizes succinic acid to fumaric 
acid while xanthine dehydrogenase 
(called xanthine oxidase) oxidizes xan- 
thine to uric acid. 

Oxidation in most cells may follow 
one or more of several different paths. 
Exactly which one of these is utilized is 
dilBcuIt to say. Most probably several 
types of reactions can occur in a given 
cell simultaneously. 

MlCROSPmOXlCTUY 

Tissue respiration is studied by means 
of a microspirometer. Freshly excised, 
sliced or minced tissues are suspended 
in saline and incubated at body tempera- 
ture in the presence of oxygen. Tlie 
substrate which the cell utilizes as a 
source of energy, such as lactic acid or 
glucose, is added. The oxygen is meas- 
ured fay noting the slurinkage in volume 
by means of a microburette. The oxygen 
consumption of fresh tissue is e.xpressed 
as Qoj. This is defined as the number of 
cubic milliliters of oxygen per milli- 
gram of tissue (dry weight) consumed 
per hour. The RQ may likewise be de- 
termined. Carbon dioxide is absorbed 
chemically and determined gravimetric- 
ally. The microspirometer is generally re- 
ferred to as the Warburg apparatus. 
Chemical agents added to this incubat- 
ing cell suspension may either inhibit or 
increase cellular metabolism. Tliis in- 
crease or decrease may be determined 
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by noting the changes in oxygen con- 
sumption and carbon dioxide output. 
Tissue respiration is inhibited by a vari- 
ety of chemical substances. 

Cyanides, nitrates, and sulphides pro- 
duce an immediate cessation of respira- 
tory activity. The inactivation is prob- 
ably due to the combination of these 
substances with the iron in oxidase since 
the latter are Iiematin derivatives. 

ANESTHESIA AND TISSUE 
RESPIRATION 

Studies of the respiratory activity of 
sliced or minced cerebral cortex Iiave 
yielded widely, varying and in many 
cases diametrically opposite conclusions 
concerning the absence, presence or de- 
gree of inhibition caused by narcotics 
and anesthetics. Quastel and his associ- 
ates were pioneers in studying the effects 
of narcotics upon tissue respiration in 
vitro. These workers postulated that nar- 
cotics blocked the oxidative mechanism 
of carbohydrates. The influence of var- 
ious drugs upon the oxidation of glu- 
cose, lactic and pyruvic acids by brain 
tissue was studied. Ether, chloroform, 
chloral, cliloretone, barbital phenobarbi- 
fal, morphine, somnffen, nitrous oxide, 
acetylene and hexobarbital (Evipai), in 
concentrations of 0.0006 M inhibited 
respiration of guinea pig cortex in a glu- 
cose phosphate medium by approxi- 
mately 10%. The inhibition became more 
pronounced as the concentration of nar- 
cotics increased. Minced and sliced brain 
cortex behaved alike. The responses were 
reversible, which suggests that the con- 
centrations of narcotics used do not in- 
jure the cells. Reversibility with ether 
was not easily demonstrated but the 
general response did not differ from that 
of other narcotics. 

Sodium succinate and p-phenylenedi- 
amine, wliich are readily oxidized by 
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brain normally, were not affected by nar- 
cotics. Likewise, glutamic acid, hexo- 
sediphosphate, and a-glycerophosphate 
were not oxidized by narcotics to the 
same extent as were glucose and pyruvic 
acid. Tlie experiments of Quastel shouted 
that narcotics do not prevent oxygen 
from entering the nerve cells. He felt 
that they interfere with the breakdown 
of glucose, lactic acid, or pyruvic acid. 
The response to the narcotics was im- 
mediate. Equilibrium was attained 
within fifteen minutes. Others besides 
Quastel reported similar results. 

The effects of morphine, ihebaine, and 
codeine on lactic, citric and glucose de- 
hydrogenases of rat cerebrum with 
added substrates were studied by Seevers 
and Shideman. Inhibition with 0.06%, 
0.12% and 0.24% morphine occurred, Suc- 
cinic and alcohol dehydrogenases were 
not affected by these drugs. Munt\vyler, 
Barlow and Zom studied the effect of a 
number of barbiturates upon the oxygen 
uptake of rat liver slices and the anaero- 
bic reduction of methylene blue by these 
tissues. Methylene blue acts as a hydro- 
gen acceptor and is reduced to a color- 
less compound. The oxygen uptake of 
the tissues without added substrates was 
inhibited by the sodium salts of amo- 
barbital, phenobarbital, hexobarbital, 
aluraie, and dial in concentrations vary- 
ing from 0.001% to 0.1%. The anaerobic 
reduction of methylene blue was inhib- 
ited by barbiturates. Other workers have 
obtained similar results using slices of 
kidney and diaphragm (muscle). 

Narcotics did not inhibit all oxidative 
processes to the same extent. The oxida- 
tions of glucose, lactate and pyruvate 
were the most sensitive to the effects of 
depressant drugs. The same concentra- 
tions of drug which affect glucose oxida- 
tion do not appear to inhibit oxidation of 
succinate. The anaerobic breakdown of 
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glucose to lactic acid is not affected by 
drugs which inhibit the anaerobic oxi- 
dation of glucose. The exact point at 
which narcotics produce their inhibitory 
activity is not known. It is known witli 
certainty that they do not inliibit tlie de- 
hydrogenases or the oxidases. The avail- 
able evidence indicates that the block 
occurs somewhere along the carrier sys- 
tem whidi has just been described at a 
point between the dehydrogenase and 
cytochrome c. Metabolism of active cells 
differs from that of resting cells. A cyto- 
chrome link appears to operate during 
active metabolism but not in the resting 
state of the cell. It has been speculated 
that the narcotic blocks either a link be- 
tween cytochrome b and a or it blocks 
cytochrome b itself. It is also of interest 
the narcotics (pentobarbital, chloroform) 
block the oxidation of glucose and not 
of succinate. Glucose requires cyto- 
chrome for completion of the reaction. 
Succinate does not. Narcotics do not 
cause an accumulation of reduced co- 
enzyme as they should if they interfered 
with coenzyme re-o.xidation. 

The same objections are raised to this 
theory that have been raised to others; 
mainly that the depression of the oxida- 
tive processes are the result of and not 
the cause of narcosis. Those who tend to 
discount the role played by narcotics in 
inhibiting oxidation argue that the ma- 
jority of anesthetic drugs investigated 
mobilize carbohydrate. This causes a 
lowered carbohydrate content in tissues 
which in turn causes the depressed res- 
piratory rate. The fact that oxygen con- 
sumption of brain in vivo is decreased 
during anesthesia is not uncontenstable 
proof that narcosis is due to inhibiUon 
of cellular respiration. Proof that these 
drugs act by specific enzyme inhibition 
is likewise lacking. In order to prove 
that a drug acts by enzyme inhibition 


it is necessary to show that the inhibition 
occurs in the intact animal with a dose 
no greater tlian the one which commonly 
produces the kno^vn drug action and that 
the inhibition of enzyme activity quan- 
titatively accounts for the drug effect. 
The most recent idea concerning tliis en- 
tire subject is that the neurons are in a 
constant state of excitation. The anes- 
thetic state nullifies this excitation and 
the oxygen consumption falls. There is 
little difference between the oxygen con- 
sumption of the resting and the narco- 
tized cell (Chap. 36). Brain slices obvious- 
ly are not equivalent to intact nervous 
tissue. A variety of reasons are offered 
why e.vcised brain tissue differs from in- 
tact brain. According to McElwain the 
most important difference is that in brain 
slices stimulation of neurones from adja- 
cent nervous tissue has been interrupted. 
Stimulated brain tissue is more sensitive 
to drugs than isolated, dormant, tissue. 
Tile cells studied in slices are at rest. 

OXIPATIVE PHOSPHORYLATION 
AND ANESTHESU 

Recently attention has shifted from 
studies of the oxidative mechanisms and 
has been directed to the effects of nar- 
cotics upon mechanisms concerned with 
the transfer of energy obtained from ox- 
idation of metabolites to agents which 
cany on cellular function. The cell must 
have a ready, immediate source of oxy- 
gen. Tlie oxidation of carbohydrates and 
other metabolites occurs at too slow a 
rale to adequately meet the needs of the 
cell. This immediate release of energy is 
accomplished by the breakdoivn of com- 
pounds possessing high energy phos- 
phate bonds, such as adenosine triphos- 
phate (A.T.P.), adenosine diphosphate 
(A.D.P.) and creatine pJwsjjJiate. Before 
glucose can enter into the series of reac- 
tions whereby it is utilized and oxidized 
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to carbon dioxide and water, it adds 
phosphate to carbon number 6. This 
phosphate it obtained from adenosine 
triphosphate (A.T.P.) which serves as a 
coenzyme for the combustion of hexose. 
The immediate release of energy occurs 
when adenosine triphosphate (A.T.P.) 
breaks down to adenosine diphosphate 
(A.D.P.). This compound is comparable 
to a storage battery which is a ready 
source of current. In order to always 
have a readily available source of energy 
for immediate release the adenosine tri- 
phosphate must be promptly resynthe- 
sized and stored. In other words tlie bat- 
tery must be recharged promptly. This 
requires energy which is supplied by a 
second intermediary substance, known 
as phosphocreatine. Phosphocreatine 
breaks do^vn to phosphoric acid and 
creatine. During oxidation two of the 
phosphate groups are split off succes- 
sively to form first adenosine diphosphate 
(A.D.P.) and then adenylic acid respec- 
tively. This system serves as a phosphate 
transfer device. The adenosine triphos- 
phate (A.T.P.) must be regenerated 
rapidly and continuously to serve as a 
steady source of phosphate groups. The 
phosphate ions necessary are donated to 
it by hydrolysis of carbohydrate inter- 
mediates, such as hexose phosphate, 
acetyl phosphate or phosphocreatine. 
The phosphate is in turn donated to glu- 
cose. Tliese various phosphate com- 
pounds are all esters of phosphoric acid. 
The hydrolysis of the ester yields en- 
ergy which the cell utilizes. The energy 
released during hydrolysis may be small 
or large depending upon the bonding. 
The difference in the amount of energy 
liberated on hydrolysis permits classifi- 
cation of these esters into either low en- 
ergy or high energy phosphate bonded 
compounds. Each of the two terminal 
phosphate bonds of A.T.P. liberate 
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10,000-12,000 calories per mole. Phos- 
phocreatine liberates a similar amount 
of energy on hydrolysis. It, therefore, 
possesses high energy phosphate bonds. 
On the other hand the various hexose 
phosphates yield only 2,000-3,000 cal- 
ories per mole. These are classed as low 
energy phosphate bonded compounds. 
T)ie release of energy from the high 
phosphate bonds occurs in the absence 
of oxygen. One of the products of break- 
down of the hexoses is pyruvic acid. This 
acid is a three carbon structure derived 
from glucose. A device known as the 
citric acid cycle (Krebs cycle) completes 
the combustion of this acid to carbon 
dioxide and water. The acid first con- 
denses with oxaloacetic and a four car- 
bon acid. This in turn is oxidized in 
four steps to carbon dioxide and water 
with the reformation of a molecule of 
oxaloacetic acid. This is then ready to 
repeat the cycle. In the course of oxida- 
tion one molecule of pyruvic acid is 
oxidized to carbon dioxide and water, 
during which time five atoms of oxygen 
are utilized and 15 molecules of A.T.P. 
are synthesized from inorganic phos- 
phate and A.D.P. This process of A.T.P. 
synthesis is kno^v^ as oxidative phos- 
phorylation. Since it occurs simultane- 
ously in the same molecule with pyru- 
vate oxidation it is called coupling. Fatty 
acids may also be bonded by the citric 
acid cycle and provide energy. The reac- 
tion is initiated through the medium of 
A.T.P. and coenzyme A. The fatty acid is 
not oxidized by the mitachondria but is 
merely sparked by A.T.P. and oxaloace- 
tic acid. The acid is converted to an ac- 
tive form. This active form is converted 
to acetyl coen 2 yme A. Therefore, acetyl- 
ation is involved. Both processes go on in 
the mitachondria of the brain and liver. 

Certain chemicals causes a dissocia- 
tion of the oxidation and phospboiyla- 
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tion and inliibit the synthesis of A.TJ. 
without necessarily inhibiting oxidation 
of pyruvate. This dissociation is referred 
to as uncoupling. The best hnown of the 
uncoupling agents is dinitrophenol. This 
is not an anesthetic agent. It produces^ 
instead, a state of h)'permetabo]ism. Un- 
coupling has had the recent attention of 
those interested in narcosis. A relation- 
ship has been shown between anesthetic 
potency and the capacity to uncouple 
o.vidative phosphorylation. Brodie and 
Bain have shown Uiat certain barbitu- 
rates (thiopental) act as uncouplers of 
oxidative phosphorylation. In brains from 
anesthetized animals the concentrations 
of creatine phosphates were increased 
while inorganic phospliales were de- 
creased. This indicates that the hydroly- 
sis of organic phosphates does not occur. 
There appears to be a selective decrease 
of A.T.P. formation, They noted an in- 
crease in oxygen uptake. Chloral, metha- 
done and other drugs, likewise, appear 
to uncouple. Other workers have found 
that the uncoupling effect is confined 
neither to the brain nor to the liver and 
is not characteristic of barbiturates alone. 
The effect has been noted in renal and 
spinal cord mitachondria. Besides, nitrous 
oxide, morphine and certain more potent 
barbiturates do not elicit tliis phenom- 
enon. Another discrepancy is that con- 
centrations of barbiturates which un- 
couple also depress oxygen consumption. 
Some barbiturates do not uncouple. Cer- 
tain convulsant barbiturates (dimethyl 
butyl, ethyl butyl barbiturate) do un- 
couple. The anesthetic potency of tlicse 
drugs in vivo cannot be correlated with 
the in vitro behavior. 

Along the same vein Quastel and his 
associates have shown that the synthesis 
of acetvl choline is inhibited by nar- 
cotics in vitro. Although the exact role 


acetyl choline plays in neuronal activity 
is not known exactly, the fact that it is 
essential is well established. Acetyl 
dioline is synthesized by the brain dur- 
ing aerobic metabolism of glucose, py- 
ruvate and other substrates. Tire synthe- 
sis of the acetyl group is suppressed 
along with that of A.T.P. This would ex- 
plain the action of anesthetics on a Uni- 
tarian basis were it a tenable theory. To 
offset this data in vitro is the fact that in 
vivo the opposite occurs. Acetyl choline 
and A.T.P. are both increased while 
oxygen consumption is decreased— in 
some cases this is as much as 30%. 

Tlius, it can be seen that there are ob- 
jections to the uncoupling theories also 
and the belief that the anesthetic state 
is due solely to uncoupling cannot be 
justified with tlie evidence at hand. One 
of the most striking facts in studies of 
en^matic activity has been the repeated 
failure to correlate the response of the 
drug on an enzyme system in vitro svith 
the effect it produces in the living body. 
Tlie tissue concentrations of barbiturates 
in vivo aie not sufficient to cause un- 
coupling. 

In order to refute this objection and 
substantiate the oxidation theory it has 
been suggested that the drug depresses 
metabolism at small critical brain cen- 
ters leaving the overall brain metabolism 
unchanged. Tliis effect on localized in- 
dividual cells has an impact on the or- 
ganism as a whole. 

THEIUslODYNAHUC ACTmTY 
OF NABCOTICS 

The most recent trend in the study of 
narcosis has been to correlate narcotic 
activity with the physical properties of 
tire atoms and molecules of the agent in- 
volved and to divest their behavior from 
the influences of unknorvn variables such 
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as interaction with body fluids, cellular 
constituents, transport to the cell, and 
so on. Ferguson, in studying chemical 
potentials as indices of toxicity of drugs, 
has indicated that the various theories 
of narcosis which have been presented in 
the past are not independent theories. 
Instead, the physical properties of nar- 
cotics which were measured, such as 
vapor pressure, solubility, surface ten- 
sion, oil-water coefficient, adsorbability 
and so on were actually measures of the 
tendency of a substance to distribute it- 
self between two phases. It has been in- 
dicated by recent workers that data on 
narcosis is of more significance ^vhen the 
concentrations of the drugs administered 
are expressed in terms of thermodynam- 
ics instead of in the conventional terms, 
such as volumes percent, milligrams per 
volume and so on. Tlie concentration, 
instead, is expressed in terms of ratio of 
partial pressure of the quantity of sub- 
stance necessary for narcosis (R) to the 
saturated vapor pressure of the pure 
compound (Pi) at the conditions of the 
experiment ’IVhen an equilibrium exists 
between two or more phases the chemi- 
cal potential (activity) should be the 
same in all phases. 

The ratio of the rivo vapor pressures is 
equal to the thermodynamic function 
known as “activity.” It is customary to 
refer thermodynamic activities to an ar- 
bitrary standard to w’hich unit activity 
is assigned. In tliis discussion the pure 
liquid is taken as the standard state hav- 
ing unit thermodynamic activity. A fun- 
damental property of thermodynamic 
activity is that it is equal in all phases 
of equilibrium. At equilibrium a steady 
state exists between the two phases. The 
rate of uptake of narcotic by the tissues 
is equal to that which loaves them. At 
this state the thermod^mamic activity 
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will be equal to the ratio of the partial 
pressure of the narcotic to its saturated 
vapor pressure. It has been postulated 
further that when narcosis occurs by 
chernicaJly inert molecules a constant 
fraction of a total volume of some non- 
aqueous phase of a cell is occupied by 
narcotic molecules. The thermodynamic 
activity of a narcotic multiplied by the 
molal volume is a constant. Brink and 
Pasternak, elaborating upon Fergusons 
idea, suggested tliat the work required 
in the transfer of a mole of a narcotic 
from the pure liquid to the cell is the 
same for all substances. 

If the concentrations are expressed in 
terms of relative saturations of vapor 
pressure of the substance (Pv/Pj), the 
range of the values is greatly reduced 
from tljose expressed by conventional 
terms and the numerical factors are 
closely alike. The relationships of con- 
centration in volumes percent of inert 
anesthetics versus thermodynamic equiv- 
alent are sho\vn in Table 11.27. 


table 11.27 



Vot. % 
for Aries, 

Partial Pressure 


/Saturated 

Pressure 

Nitrous OVide 

100.0 

0.01 

Acetylene 

Methyl Ether 

65 0 
12.0 

O.Ol 

0.02 

Ethyl Chloride 

5 0 

0 02 

Ethyl Ether 

3.4 

0 03 

Ethyl Bromide 

1.9 

0.02 

ctilorotoriD 

0 5 

0.01 

t’luothane 

0.9 

0 03 


AfOLECULAR SIUPE AND SIZE 
AND ANESTHESIA 
Wulf and Featherstone also have cor- 
related narcosis with physical properties 
of atoms and molecules. The suggestion 
made by Brink and Pasternak that pos- 
sibly narcotics produce their effects in 
regions of the cell into which they can 
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fit just as they fit in the structure of their 
own pure liquid intrigued them. These 
workers, tlierefore, have correlated nar- 
cotic potency with spherical, molecular 
volume as determined from Van der 
Waals’ constants (Table III. 27). All mol- 


TABLE 111.27 

Van der Waals' Constants and 
Narcotic Potency 


(Lilersy 

(.Mole»)* 

X atm. 


0.0341 

Helium 

0 2,370 

5 -104 

Mater 

0. 3,(M7 

3.502 

Carbon Dioxide 

0. 4,267 

3 782 


0. 4,415 

4.10-4 

Xenon 

0 5,105 

4 300 


0. 5,136 

4.471 

Ethylene 

0. 5,714 

5 4S9 

Ethane 

0. 6.380 

8 379 


0. 8.272 

12.020 


0. 8,407 

10 010 

Ethvl Chloride 

0. 8,651 

7 77') 


0. 8,808 

15 170 

Chloroform 

0.10,220 

16 080 

Tnehlorethvleno 

0 n.280 

17 380 

Ethyl Elher 

0 13,440 


ecules exert a weak attraction upon one 
another known as the electronic Van der 
Waals* attraction. This is the result of 
mutual interaction of the orbital elec- 
trons of one molecule and the protons of 
the nuclei of other molecules. This at- 
traction is largely, but not completely, 
nullified by the repulsion of nuclei for 
nuclei and electrons for electrons, since 
like charges repel each other. Van der 
Waals’ attraction is significant when the 
molecules are composed of many atoms 
and are close to one another. Van der 
Waals’ forces account for tlie liquefac- 
tion and solidification of substances when 
temperatures are appropriately reduced. 
The boiling point is an index of the de- 
gree of molecular agitation necessary to 
overcome this attraction and, therefore, 
an indication of the magnitude of these 
forces. In order to correct for the non- 
ideality of a gas Van der Waal intnv 
duced the two constants, one of which 
represents the attraction of the mole- 


cules expressed by (A/v*) and the other 
(V — b) which represents the volume of 
the molecules. The constants are also an 
index of the spheres of influence of the 
molecule or atom which are responsible 
for biologic actions in solution. Solubility 
is measurable by Van der Waals’ con- 
stants since solubility is dependent upon 
attraction and repulsion between solute 
and solvent. The solubilities of a series 
of gases in a given liquid increase in the 
order of their ease of liquefaction. The 
ease of liquefaction can be correlated 
with Van der Waals’ constants. There- 
fore, narcotic potency should correlate 
with the constants. Wulf and Feather- 
stone show that the greater the numer- 
ical value of the constants, tlie more 
potent the narcotic will be. There are 
discrepancies, however. Sulphur hexa- 
fluoride possesses a low "a” constant 
which these workers attribute to the dif- 
ferences in bonding of the six fluorine 
atoms. Water and ethyl alcohol Iike^vise 
are out of line and have a large "a” con- 
stant which they attribute to the high 
potentials tliesc substances show for hy- 
drogen bonding. 

Correlation of molecular volume and 
narcotic potency has been demonstrated 
from the parachor values suggested by 
Sugden (1930). Parachor is a physico- 
chemical constant computed from sur- 
face tension of the liquid phase of a 
substance and its density. Tlie computa- 
tion is made from the following equa- 
tion: 

p- 

Pl-P. 

in which P = the parachor, M = the 
molecular weight of the substance, y= 
surface tension of the substance in liquid 
form. Pi = density of liquid at the same 
temperature, Pr = density of the vapor 
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at same temperature. The parachor of a 
substance is proportional to its molecular 
volume. 

PAULING’S ICE CRYSTAL THEORY 
Linus Pauling recently (1961) has ad- 
vanced a theory of narcosis based upon 
hydration of anesthetics by water. Anes- 
thetics have an attraction for water and 
form hydrates. They thus are capable of 
stabilizing the formation of ice crystals. 
He postulates they bring about uncon- 
sciousness by causing the formation of 
micro-ice crystals in the neurons. These 
reduce electrical conductivity and there- 
by interfere with the activity of the 
brain. He postulates that the anesthetic 
acts in the watery portion of the brain 
since the brain contains 78^ water. He 
believes that the conversion of approxi- 
mately 0.1 of 1% of this water into mi- 
nute crystals is necessary to induce un- 
consciousness. Water in the liquid form 
is a conductor of electricity but in crys- 
talline or ice form it is a poor conductor. 
Hypothermia produces anesthesia by 
conversion of a part of the cellular water 
to crystals. When the brain tissue is 
cooled small liydrate crystals form trap- 
ping ions and electrically charged side 
chains of protein molecules. The forma- 
tion of these micro-crystals then inter- 
fere with electrical activity of the brain 
and causes imconsciousness. Pauling’s 
theory postulates that the molecules of 
an anesthetic supposedly fit into the 
framework crystal structure of water 
molecules which compose the hydrated 
micro-crystals and in this way lend sta- 
bility to these crystals. Anesthetics per- 
mit the formation of these ice crys- 
tals at body temperature. Formation 
of these crystals at body temperature 
causes unconsciousness fust as they do 
in hypothermia. Ice crystals at 0“C. ex- 
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pand and damage the cell. These crys- 
tals of water and an anesthetic do not 
expand, since they are above the temp- 
erature at which water freezes. Thus, 
this theory attempts to explain narcosis 
on a molecular basis. 

Pauling suggests that xenon, which is 
completely unreactive save for its abil- 
ity to form a hydrate, acts in this man- 
ner, The attraction between the atoms 
and xenon and the molecules of water 
in hydrate crystals make xenon hydrate 
anesthetic. Helium atoms have a very 
small attraction for other molecules and 
do not stabilize the formation of ice 
crystals. Nitrogen does so, but only un- 
der pressure. 

The hydrate micro-crystals which 
form in the brain have cavities of differ- 
ent sizes to accommodate anesthetic 
molecules of different sizes. Tlie small- 
est chamber in which an anesthetic mol- 
ecule fits is formed by 20 water mole- 
cules, the next larger by 24 and still the 
next larger by 28. Pauling assumes that 
if the hydrate micro-crystals form in the 
brain, all three kinds of chambers are 
contained by these hydrate molecules 
and each would accommodate an an- 
esthetic of different molecular size. Mix- 
ture of anesthetics would, therefore, be 
more effective since molecules of differ- 
ent sizes were employed. Pauling feels 
that the hydrate micro-crystals also form 
in tissues other than the brain and pos- 
sibly the function of other tissues may 
also he altered. 

ELECTRICAL PHENOMENA OF 
CELLS AND NARCOSIS 
Aqueous solutions of electrolytes form 
a vital part of all living organisms. The 
cell membrane separates the intracellu- 
lar ions from the extracellular so the 
concentration on one side differs from 
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the other. This creates a potential dif- 
ference between the interior of the cells 
and their environment. The potential 
difference usually undergoes a variation 
during tlie activity of the cells. The pre- 
cise role these electrical processes play 
in the maintenance of life is not known. 
These electrical potentials, however, in- 
dicate biological activity. Tlie response 
may be additive for each cell in an organ 
composed of such cells. The rhythmical 
activity of certain organs is accompanied 
by the generation of electrical currents 
which closely parallel the rhythm of bio- 
logical activity. Outstanding examples 
are the heart and the brain. Currents are 
set up in the entire organ wlhel> can be 
gathered, amplified and their magnitude 
recorded on a moving film. 

The phenomenon of electricity has 
been associated with anesthesia for some 
time. Beutner in 1913 observed changes 
in electrical potential resulting from the 
addition of alcohols in a simple cell com- 
posed of phenol interfaced between 
layers of sodium and potassium chloride. 
He postulated that a similar effect oc- 
curred in vivo. Tlie concentrations of 
alcohol employed were far greater than 
those which would ordinarily be used in 
vivo. This theory has been referred to as 
the Beutner Theoo'- 

Neurophysiological alterations are the 
result of narcosis and not the cause. Some 
of these involve electrical activity of the 
cell. Most important of these is the elec- 
trical activity of the brain. 

Brain cells show a spontaneous rhy- 
tlimical activity wliich in some ways 
resembles the activity of the heart. How- 
ever, in the brain multitudes of different 
cells are involved, and unlike the heart 
whose cells act in unison and manifest a 
single basic rhythm, a complex mixture 
of different rhythms are developing sim- 


ultaneously. The fluctuations in electri- 
cal activity of the brain can be detected 
by electrodes placed on the scalp and 
recorded graphically by means of a re- 
cording electrometer, known as an en- 
cephalograph. Tlie record represents the 
sum of the voltages developed by indi- 
vidual neurons in a particular area of 
the cerebral cortex. Presumably the 
rhythms represent fluctuating potentials 
produced by the dendrites. The current 
which develops rises from zero potential 
to its maximum and reverts back to zero. 
Tliis occurs many times per second. An 
indicating lever scribes a record, on a 
moving paper, consisting of undulations 
or waves called cycles. Tlie Iieight of tJie 
wave, often called the amplitude de- 
pends upon the voltage or potential 
wliich develops. The number of waves 
per second, often referred to as /re* 
quenctj, varies with different stages of 
activity. The voltage which develops is 
of very small magnitude— in the order of 
30 to 300 microvolts. A microvolt is a 
millionth of a volt. The signal, therefore, 
must be amplified a million or more 
times before it effectively operates an 
indicating recording device. The poten- 
tial varies with the area of the cortex be- 
ing explored. Two electrodes are neces- 
sary to gather the current to obtain a 
record. Different areas of the cortex may 
be explored simultaneously by applying 
pairs of electrodes over selected areas. 
Eacli electrode conducts the current 
generated into an individual circuit. 
Each individual circuit is referred to as a 
channel An electroencephalogram con- 
sisting of a single circuit capable of re- 
cording the signals from tu'o electrodes 
is, therefore, referred to as a single chan- 
ncl apparatus. More complex devices 
have as many as twelve channels. A sin- 
gle channel instrument is adequate for 
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anesthesiology because cortical poten- 
tials from the occipital area yield suffi- 
cient information for clinical purposes. 

Electrodes may also be imbedded into 
the substance of the brain into various 
nuclei by trephining the skull. Such type 
of electroencephalography is referred to 
as deep electrode encephalographt/. Or- 
dinarily in clinical anesthesia the cortical 
potentials are studied. The electrodes are 
applied to the scalp. Two of the active 
electrodes are placed about 15 cms. apart 
in the sagittal plane at least 2 cms. lateral 
to the midline. The anterior electrode is 
located at the hairline of the forehead. 

Normally, three wave patterns are 
noted, alpha, beta and delta. The alpha 
rhythm is observed during Nvakefulness 
with the eyes closed. These are collected 
in the occipital areas of the cortex. The 
frequency is approximately 10 cycles per 
second with an amplitude of approx- 
imately 50 microvolts. The beta rhythm 
consists of fluctuations of 20 to 50 cycles 
per second of an amplitude of 5 to 10 
millivolts. Tlie delta rhythm consists of 
cycles of 1 to 5 per second with a volt- 
age varying between 20 to 200 micro- 
volts. The latter is observed in sleep and 
in pathologic states during w’akefu/ness. 
Changes in the activity of the brain alter 
the activity of the cortical potentials. 
Pathological states do likewise. The elec- 
troencephalograph amplifies currents of 
very small magnitude; therefore stray 
currents and radiation from electrical ap- 
paratus, lighting circuits, or high fre- 
quency units produce interference and 
artefacts in records and render the in- 
strument useless. 

Cortical potentials are altered by cen- 
tral ner\'ous system depressants. The ac- 
tivity of the brain is suppressed as drug 
induced depression becomes more pro- 
nounced. The suppression is proportional 
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to the quantity of drug in the brain. The 
fluctuations in activity during anesthesia 
are reproductable for given drug in n 
given patient at a given cerebral cellular 
concentration. They vary little from per- 
son to person for a given drug. The dis- 
charge is serial, that is, it is reproduct- 
able and disappears and reappears in the 
same variations in pattern as the con- 
centration is varied. The changes occur 
very rapidly. Generally the clinical signs 
of refle.v activity lag behind the return or 
disappearance of cortical activity. 

Depressant drugs cause the brain to 
discharge as a unit instead of from mul- 
tiple localized areas. Local differences 
disappear and synchronization of activ- 
ity of the cortex appears. The rhythm is 
simplified from the cortical rhythm seen 
in the conscious subject. Stages of de- 
pression may be correlated with blood 
concentration when depression is due to 
volatile drugs; the correlation is not as 
clear when due to non-volatile drugs. 
The encephalogram is clinically' useful 
for determining depth of anesthesia be- 
cause the suppression is proportional to 
the quantity of drug in the brain and 
that the changes produced are repro- 
ducible for a given drug in a given pa- 
tient without much variations. 

Certain basic changes in pattern com- 
mon to most drugs are observed in the 
tracing. Usually, as anesthesia is com- 
menced, there is an increase in frequency 
from the pattern seen during conscious- 
ness to 20-30 cycles per second (Fig. 
1,27). The voltage remains unchanged. 
After this, small rapid waves appear and 
gradually these are replaced by larger 
>vaves at a slo\ver rhythm, varying from 
1-5 cycles per second. The voltage varies 
anysvhere from 5 to 300 nv. per sec- 
ond. As the concentration of the drug in 
the brain increases, the higher frequency 



588 


Chemistry and Physics of Anesthesia 



6 


Fig. 1.27. (1) (See text) 
Awake pattern 18-13 cps.— 
50 or less microvolts. (2) Fast 
frequency— low voltage. Ac- 
tivity of 20-30 cps. (loss of 
consciousness) and 20 micro- 
volts or less. (3) Slower fre- 
quency (4-8 cps.), rhytlimi- 
cal, increased voltage (100- 
200 u.v.) (light anesthesia). 
(4) Mixed pattern, low volt- 
age, fast frequency, super- 
imposed on high voltage, low 
frequency. (5) Periods of in- 
activity separated by periods 
of activity of less than 3 sec- 
onds, Referred to as burst 
suppression (moderate 
dep^). (6) Periods of inac- 
tivity exceeduig three sec- 
onds (deep anesthesia). 


low voltage waves become superimposed 
on a background of high voltage waves 
with a low frequency. This is referred to 
as a mixed pattern. As the concentration 
of the drug in the brain increases tlie 
voltage and frequency both begin to de- 
crease. Periods of inactivity interposed 
between periods of activity are seen. 
Such inactivity separated by bouts of 
a^ivity is caUed burst suppression. Thu 
interval of inactivity becomes longer as 
anesthesia deepens. Simultaneously the 
number of waves in each period of activ- 
ity decreases also. Finally as inactivity 
of the brain appears there is a flat 
tracing of low voltage or a very slow 
ibythm. Recovery of activity promptly 
foUows a decrease of the blood level 
(with volatile drugs). 

Many tilings may alter the electroen- 
cephalogram and nullify its effectiveness- 
The absence of oxygen or carbon diox- 


ide may reduce the activity and confuse 
the picture. 

Various anesthetic agents have been 
studied for the cortical activity. The 
depths of anesthesia for various drugs 
have been categorized by Bickford, 
Faulconer and his associates into areas 
known as levels. Ether anesthesia mani- 
fests seven levelsj thiopental five levels; 
cyclopiopane six. In general a basic pat- 
tern characterizes most agents; the pat- 
tern varying with each individual agent 
as anesthesia deepens. Certain impotent 
agents, such as nitrous oxide, do not 
yield a pattern with well demonstrated 
levels unless more potent drugs are com- 
bined with them or anoxia is present. 

ELECTRICAL ANESTHESIA 

Anesthesia may be induced by means 
of electric currents. Burge found it pos- 
sible to anesthetize animals by placing 
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a cathode at the head of an animal and 
an anode in some posterior position- 
Others have reported similar findings in- 
ducing electronarcosis by a variety of 
means. These cannot be discussed here. 
Generally electronarcosis may be pro- 
duced in either one of two ways, (1) by 
the use of a substantial instantaneous 
shock or (2) by passing a low voltage 
current constantly through the body. In 
either case anesthesia depends upon am- 
perage but since the current which flows 
depends upon resistance and voltage the 
magnitude is expressed in terms of volt- 
age. Carefully controlled alternating cur- 
rents (60 cycles of a strength of .3-1.2 
amperes) are passed through electrodes 
placed over the temples of mental pa- 
tients in electroshock therapy. In this 
treatment consciousness is lost and con- 
vulsions develop, 

A current flowing into a nerve is cap- 
able of blocking an impulse passing 
through it. It is possible to use a high 
frequency, low amperage current to ren- 
der a nerve inexcitable. To date such 
procedures have been limited to experi- 
ments in laboratory animals and have 
only limited application to man. 

Ananev, a Russian, and his co-work- 
ers have described a method of induc- 
ing electrical narcosis by using two cur- 
rents simultaneously— a direct and an al- 
ternating. Volpitto and his co-workers 
have verified these findings and were 
able to produce anesthesia which was 
satisfactory for operative procedures in 
dogs. The instrument employed is so 
constructed as to deliver througlr a com- 
mon electrical lead a direct and alter- 
nating current. This current is so modi- 
fied that when visualied on an oscillo- 
scope produces a rectangular wave of 
1 to 1.4 milliseconds duration, at a fre- 
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quency of 100 impulses per second. The 
subject is in the cathode circuit of the 
output tube in order to provide a con- 
stancy in voltage despite the changes in 
resistance in the body. The instrument is 
capable of delivering 40 or more volts 
and 40 or more milliamperes. Obviously 
the instrument includes an oscilloscope 
to permit constant visualization of the 
wave formed and the frequency. 

Recently Hardy and his co-workers 
have obtained anesthesia in humans us- 
ing a frequency of 700 cycles per second, 
at 30-40 volts and a current of 10-25 
milliamperes. Volpitto states that narco- 
sis in animals and in man appears to be a 
function of the total amperage, the wave 
form employed and the arrangement of 
die wave form, All investigators of elec- 
trical narcosis have had diSculty in 
maintaining constant electrode contact 
with the subject. Such contact is neces- 
sary to maintain anesthesia. Painful 
stimulation develops if the electrical cir- 
cuit is broken and re-established by im- 
proper contact. In Anan’ev’s experi- 
ments, and also in Volpitto’s, the pattern 
of current application is important for 
satisfactory induction. Induction is slow 
and commenced with an alternating cur- 
rent of 100 waves per second of a 1/10 
millisecond duration and a current of 2-3 
milliamperes. The current is gradually 
increased in increments. 

The signs commonly employed to de- 
termine depth of general anesthesia are 
not applicable to electrical anesthesia. 
The only clinical evidence of anesthesia 
is the lack of response to painful stimu- 
lation. Animals swallow and react to 
auditory stimuli. Post-electronarcosis an- 
algesia persists for quite some time, 
even up to an hour after removal of the 
current. 
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DEPRESSION OF CENTRAL 
HUMORAL MECHANISMS 
BY NARCOTICS 

Drugs may exert tbeir effects by modi- 
fying the activity of organ specific sub- 
strates which have a specialized function. 
Norepinephrine, serotonin and acetyl 
choline are neurohormonal substrates 
which are organ specific and are an inte- 
gral part of activation of centers in sub- 
cortical structures. Serotonin and nor- 
epinephrine are present in bound form 
concentrated in areas whiclr liave been 
referred to by Hess, Brodie and others as 
the trophotropic and ergotropic systems. 
Hess postulated that the ergotropic sys- 
tem integrates mechanisms that physiol- 
ogically involve body work and energize 
the body. Activation of this system 
causes increased sympathetic responses, 
induces arousal, and activates psychic 
states. The trophotropic system opposes 
the ergotropic and promotes activity of 
restorative and protective processes. Ac- 
tivation of the trophotropic system in- 
creases parasympathetic effects, de- 
creases skeletal muscle actirity and 
lowers responsiveness to external stim- 
uli. A condition akin to sleep results. 
Reserpine appears to stimulate the tro- 
photropic system. Lysergic acid diethyl- 
amide (LSD) produces effects suggestive 
of ergotropic stimulation. There is con- 
siderable evidence to support the 


thought that serotonin is the neurohor- 
inone of the trophotropic system and nor- 
epinephrine of the ergotropic system. 
Reserpine impairs the capacity of the 
cells to bind serotonin in the brain. 
It also has the capacity to release nor- 
epinephrine peripherally. Tlie stores of 
norepinephrine become depleted and the 
sympathetic nervous system cannot re- 
spond to stimulation. Since chlorproma- 
zine blocks both the central and periph- 
eral action of exogenous norepineph- 
rine it is believed to antagonize the ac- 
tion of norepinephrine in the brain. 
Sedation and relaxation result. A drug 
may elicit the effects typical of activa- 
tion of the ergotropic syndrome in one 
of two ways: (1) by blocking the tro- 
photropic system and unmasking the er- 
gotropic or (2) by directly stimulating it. 

Tliese thoughts on neuropbarmacol- 
ogy are interesting, but it must be re- 
membered that they arc rudimentary 
and provide little information concern- 
ing narcosis at this time. Perhaps future 
investigation will provide clues to the 
mechanisms involved in central nervous 
system depression. 

CONCLUSIONS 

It is obvious from tlie foregoing that 
the experimental evidence available does 
not adequately support any definite me- 
chanism for the action of chemicals in 
causing narcosis. 
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Effects of Anesthesia Upon Composition of Body Fluids 


AQUEOUS ENVIRONMENT 
OF THE CELL 

T he preceding chapter has dealt 
witli the mechanisms of functional 
changes occurring within the cell caused 
by anesthetic drugs. Many of the altera- 
tions of intracellular processes are in- 
fuenced by changes in the environment 
of the cell. Unicellular organisms of the 
protozoan type function as individual 
self-sufficient units in an aqueous habitat. 
The cell, bathed constantly by this aque- 
ous medium, derives oxygen and metab- 
olites from it and eliminates carbon di- 
oxide and other waste products into it 
The metazoan type of cell is similar to 
the protozoan type in this respect. It 
differs from it, however, that it no longer 
is self-sufficient. Groups of cells have 
now been organized for specialized func- 
tion. The aqueous medium surrounding 
the cells continues to be present in the 
higher forms of life but instead of being 
in an open space of a comparatively 
^vide expanse is now confined in a 
contracted one of limited volume— the 
intercellular or interstitial space. The 
freedom of constancy of composition pro> 
vided by the wide expanse of media for 
the unicellular organisms could not exist 
in the case of multicellular structures 
were it not for introduction of a new 
sj’stem to the scheme— the blood vascular 
system. The blood vascular system acts 
as a “go-between" for the interstitial sys- 
tem and the external environment. 


DISTRIBUTION OF WATER 
IN THE BODY 

The iofal body fluid in higher forms 
of life exists in three separate areas, often 
referred to as compartments: the vascu- 
lar space, the iriterstitial fluid space, and 
the intracellular space. The interstitial 
fluid acts as an intermediary between the 
cells and blood. The fluid contained 
therein is undergoing continual variation 
of composition and volume. 

EFFECTS OF ANESTHESIA ON 
INTRACELLULAR FLUID 
VOLUME 

A constant interchange of substances 
is occuning between the fluid contained 
in each of the three compartments. A 
state of osmotic equilibrium exists be- 
tween the cell and the interstitial fluid. 
The shift of water and other substances 
between the interior of the cell and the 
external environment varies with the ac- 
tivity of the cell. Increased activity usu- 
ally is accompanied by an inward migra- 
tion of water; a decreased activity, the 
reverse effect, or dehydration. Muscle 
cells imbibe water when activity is in- 
creased. Presumably, the water exchange 
is prompted by the exchange of metab- 
olites necessary for cellular activity. 
Since narcotics depress cellular func- 
tion, one would expect a transfer of fluid 
from the cell to the interstitial space. 
Ttiis seems to be the case from the data 
available. Barbour noted an increase in 
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water content of the brain of rats fol- 
lowing the withdrawal of morphine. 
Tins withdrawal of the drug may be 
likened to a reversal of narcosis. A simi- 
lar phenomenon has been observed fol- 
lowing withdrawal of morphine in dogs. 
In other studies, in which the ratio be- 
tween water content of the medulla and 
cerebrum was used as the criterion of 
cellular hydration or dehydration it has 
been found that deliydration occurs. The 
medulla contains fewer cells than the 
cerebrum so that any intracellular water 
shift is more apparent in the cerebrum. 
Rats and rabbits anesthetized with ether, 
amytal, and morphine, showed an in- 
crease of the medulla-^valer/cerebru^l' 
water ratio. An increase in this ratio indi- 
cates a decrease of cerebrum cell water 
or deliydration. Brezina, Gallup and 
Barbour, in studies on rabbits narcotized 
with amytal, found an increase in water 
content of the medulla and a decrease in 
the cortical cells. Calculations of intra- 
and e.vtracellular water from determina- 
tions of chloride ion of plasma confirmed 
these findings. Thus, much of that data 
available supports this view. Whether or 
not these findings are applicable to man 
is a matter of speculation which awaits 
the development of techniques which 
can be nsci in ibe iniac\, anisnai os in 
man. Apparently during narcosis a de- 
hydration of nerve cells occurs. 

EFFECTS OF ANESTHESIA 
UPON BLOOD VOLUME 
The constant interchange which oc- 
curs between fluid in the interstitial 
space and blood depends upon tw 
forces— the hydrostatic pressure and the 
osmotic pressure (Chap. 2). The capil- 
lary blood pressure tends to force fluid 
through the capillary wall. However, die 
osmotic pressure exerted by the plasma 


colloids in the blood tends to overcome 
this force and draws fluid back into the 
vessel. The arteriolar and capillary blood 
pressure is greater than the capillary os- 
motic pressure, while in tlie venules the 
reverse is true. Fluid, therefore, fillers 
continuously from t!ie capillaries into 
the tissue spaces and from these spaces 
back into the venous circulation. 

CONSTANCY OF COMPOSITION 
OF BLOOD 

The interstitial fluid volume is approH- 
mately three times the blood volume. The 
volume and the composition of the blood 
remain remarkably constant even tliough 
many substances are passing continu- 
ously from and into the vascular space. 
This constancy of volume and composi- 
tion of blood is maintained, when cir- 
cumstances are normal, by certain well- 
balanced mechanisms. The lungs take 
care of the elimination of gases and other 
volatile substances to the outside atmos- 
phere; the kidney and skin eliminate 
excess water, electrolytes and unwanted 
organic substances; tlie liver stores and 
filters or synthesizes new substances; the 
spleen stores cellular elements and dis* 
cards blood pigments; the muscles store 
fluid and other elements. It is well- 
tecogmzed anesftielics may upset 
these various organic sy'stems which 
maintain the composition of Uie blood 
at a steady state. The rate of circula- 
tion, the gaseous interchange in the 
lungs, the functions of the liver and 
kidney, the volume of the spleen, absorp- 
tion and elimination from the skin and 
gastrointestinal tract— all may cliange 
during anesthesia. Permeability of the 
endothelium may be altered. Usually it 
becomes more permeable. This results in 
a migration of fluid and electrolytes from 
the vascular space into the interstitial 
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space and a subsequent change in the 
cellular composition. 

Both the blood cells and plasma con- 
tain organic and inorganic constituents 
which under normal circumstances are 
in a delicate balance. Anesthesia may 
disturb this balance between constitu- 
ents of cells and plasma, which in (urn 
is reflected in the cells of (he tissues. The 
blood constituents subject to changes in 
concentration are the carbohydrates, the 
lipoids, the nitrogen-containing sub- 
stances and the electrohjtes. Blood nitro- 
gen may be divided into 2 fractions— 
that contained in the protein and that in 
non-protein substances. Protein concen- 
tration varies with fluid volume. It is, 
therefore, affected by anesthesia. Uric 
acid, urea, ammonia, amino acids, crea- 
tine and creatinine comprise the chief 
non-protein nitrogen substances whose 
concentrations may vary with anesthesia. 
Inorganic constituents include anions 
and cations of alkali and alkaline earth 
metals. The cations are sodium, potas- 
sium, hydrogen, calcium and magnesium- 
The anions are sulphate, phosphate, 
chloride, bromide, and iodide. In addi- 
tion the blood also contains vitamins, 
enzymes, and hormones, as well as bile 
salts, pigments and gases. These may also 
be affected by anesthetics. The influence 
of anesthesia and related factors upon 
these is discussed in detail later. 

BLOOD VOLUME 

The blood volume of man is approxi- 
mately 1/10 of the body weight The 
blood volume is 1/10 of the body weight 
in infants as well as in adults. A 70 kilo- 
gram man has probably 6 to 7 liters of 
blood. Forty-five to 47% of the blood vol- 
ume is cells, the remainder is plasma. No 
absolutely accurate method of measuring 
total blood volume is known. A number 


of methods are employed clinically. The 
most common method, is injecting a 
know’n concentration of a stable dye 
rapidly into the blood and measuring 
the dilution colorimetrically. The dye 
used must not diffuse into the cells or 
from the vascular space, nor must it be 
metabolized or cause hemolysis. Congo 
Red and Evans Blue have these proper- 
ties. The latter has been used extensively. 
Since the dye does not pass into the cells 
the plasma volume is the volume meas- 
ured. Another technique which employs 
carbon monoxide measures the red blood 
cell volume. A known volume of gas is 
inhaled and its distribution in blood is 
determined by estimating the quantity 
of carbon monoxide hemoglobin com- 
plex. At present the trend is toward using 
radioactive isotopes with short half-lives. 
Phosphorous tagged red cells or albumin 
to which has been adsorbed radioactive 
iodine or chromium are injected and the 
dilution is determined by physical meth- 
ods of detection of radioactivity. In any 
case the total blood volume may be com- 
puted from the cell and plasma volume 
percentage. Cell volume plus plasma 
volume equals the total blood volume. 
If one knows either cell volume or plas- 
ma volume, he may calculate the 
total blood volume from the cell and 
plasma volume percentages. Both cell 
and plasma volume percentages are esti- 
mated by the hematocrit determination. 
In determining the hematocrit, blood is 
treated with an anticoagulant and centri- 
fuged in a calibrated tube. The ratio of 
supernatant plasma to cells is estimated 
directly by reading the percentages off 
the calibrated tube. Micropipeltes are 
available which use one drop of blood. 
The hematocrit is used as an index of 
dianges in blood volumes. As such it may 
give a clue to changes in volume, but 
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may be grossly misleading, A fall in the 
percent of red cells may follow restora- 
tion of blood volume by hemodilution 
after hemorrhage as fluid is withdrawn 
from the tissues into the vascular bed. 

In addition to the hematocrit, there are 
several tests which may be employed to 
determine whether or not hemoconcen- 
tration or hemodilution has occurred, 
such as determination of hemoglobin 
content or blood specific gmuitij. Hemo- 
globin determinations should be done 
simultaneously with hematocrit deter- 
minations because the volume of the cell 
may change from a loss or gain of water 
due to changes in reactions of blood. 
Specific gravity of whole blood or plasma 
is measured by the falling drop method 
of Barbour and Hamilton using brom- 
benzene and xylol, muced in certain spec- 
ified proportions and placed in a tube 
through which a drop of blood or plasma 
of an accurately measured volume falls. 
The technique of Van Slyke using copper 
sulphate may also be used. The rale of 
fall is compared to that of a drop of a 
standard solution of known speciBc grav- 
ity, The specific gravity is either calcu- 
lated or interpolated from a prepared 
table. Total plasma protein concentration 
may be computed indirectly from plasma 
specific gravity. Total serum protein may 
be determined by direct methods as the 
Kfeldahl or colorimetric methods. 

Migration of Ions 

Altliough water shifts from the plasma 
to the intracellular spaces and into the 
cells, it never pases from one space to 
another by itself. Electrolytes always 
diffuse along witli it (Chap. 1). Sources 
of body water are (1) fluid ingested by 
drinking, (2) fluid in food, and (3) endog- 
enous water produced by oxidation of 
food. Loss of fluid from the vascular 
space results in hemoconcentralion, Tliis 


loss is characterized by a decrease in 
plasma volume and an increase in pro- 
tein, hemoglobin, cell volume percent- 
age (I>cmatocrit), and specific gravity. 
Passage of fluid into tlie vascular space 
results in hemodilution. Dilution of blood 
is usually manifested by findings reverse 
to hemoconcentralion. 

Factors Auterinc Blood Volume 

Blood volume is subject to variations 
from both dianges in normal physiology 
and from disease as well. Hemorrhage, 
anemia, dehydration, shock, exposure to 
cold, and changes in posture (from re- 
cumbency to upright) cause reductions 
in blood volume. High temperature, 
muscular exercise, excitement, sple- 
nomegaly, liver diseases, leukemia, and 
hyperthyroidism are some conditions 
whicli may be accompanied by an in- 
crease in blood volume. Alterations in 
blood volume occur from anoxemia. Tliis 
is due to constriction of the spleen and 
changes in capillary permeability. The 
latter causes loss of plasma into the tis- 
sue spaces. 

Effects of Anestiiesia Upon 
Blood Volume 

Data from studies in blood volume in 
man during anesthesia are difficult to 
evaluate. An increase in the solid ele- 
ments of the blood may be due to a 
variety of factors. Isolated studies on cell 
volume percent, blood specific gravity, 
hemoglobin, and the like do not neces- 
sarily reflect the status of the total blood 
volume. A coordinated study is needed 
in whidi the plasma volume, total blood 
xmlume, cell volume percent, and hemo- 
globin concentration are known. 

Factors Other Than the Drug 

During anesthesia a decrease in total 
blood volume occurs as a rule. Most 
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of this is due to a decrease in plasma 
volume. The cell volume percentage is 
increased and hemoconcentration is tlie 
result. The changes may be due to fac- 
tors other than direct effect of the drug. 
Water intake and formation may be de- 
creased, particularly under deep general 
anesthesia. Urine formation is usually 
suppressed. Fluid loss through the skin 
usually decreases due to lowering of 
body temperature and alterations of en- 
vironmental temperature. Pulmonary 
ventilation may contribute to water loss 
although it usually accounts for only a 
small part of the total loss. Splenic vol- 
ume varies during anesthesia. This in 
turn causes changes in cell volume per- 
centage. Tlie composition of the blood 
may also be changed. This in turn causes 
variations in osmotic pressure and blood 
volume. Capillary permeability may also 
be changed by anoxia, or reflex stimula- 
tion. The operation itself may also cause 
or superimpose changes. 

Effect of Anesthetic Drugs 
The influence of the anesthetic agent 
per se is not easily assessed. All agents 
appear to cause some decrease in blood 
volume. Ether anesthesia is followed by 
hemoconcentration, an increase in cell 
volume percentage, and a decrease in to- 
tal blood and plasma volume. Barbour 
and Bourne found a 1055 to 15*5 increase 
in blood concentration in dogs. Winter 
and Bourne also found an increased blood 
concentration estimated by change in 
specific gravity in dogs. Hamburger and 
Ewing found a 15% increase in hemo- 
globin content and a 10% increase in elec- 
trocyte concentration in dogs anesthe- 
tized \vith ether. Mann also found a re- 
duction in blood volume in dogs using a 
technique of bleeding. McAllister found 
a lowering of plasma volume in dogs, av- 
eraging 11%. An increase in hematocrit 


was observed concomitant with change 
in plasma volume. Stewart and Rourke, 
axamining patients undergoing operation 
under ether anesthesia, observed a re- 
duction in blood volume of roughly 13%. 
The concentration of blood constituents, 
such as protein, sodium and chloride ions, 
was maintained with little or no change. 
Bonycastle likewise noted a decrease 
with ether. Similar data have been re- 
ported by many using radioisotope tech- 
niques. 

Role of the Spleen 

The spleen plays a role in causing 
blood volume changes during anesthesia. 
Ether anestliesia causes the spleen to 
constrict Light ether anesthesia in dogs 
causes an increase of cell volume and a 
decrease in plasma volume. After sple- 
nectomy the increase in cell volume is not 
as great The hemoconcentration ob- 
served during ether anesthesia is ex- 
plained by the fact the erythrocytes are 
extruded from the spleen when it con- 
tracts. Searles noted an increase in cell 
volume, hemoglobin content, and eryth- 
rocytes and platelet counts during ether 
anesthesia in dogs. After removal of the 
spleen the increase in cellular elements 
was only approximately half as much. 

Derra reported a decrease in blood 
volume during tribromethanol narcosis. 
A decrease also occurs during chloroform 
anesthesia. A slight increase in cell vol- 
ume percentage occurs during cyclopro- 
pane anesthesia. Seevers and his co- 
workers report an increase of 4% over the 
control level, Robbins has obser\’ed an 
increase in o’q'gen capacity during cyclo- 
propane anesthesia in dogs. This sug- 
gests that hemoconcentration has oc- 
curred. Fay, Andersch, and Kenyon like- 
wise noted an increase in cell volume 
percentage during c)’clopropane in dogs. 
These findings also suggest that hemo- 
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concentration occurs. Similar findings 
have been noted in man. 

Variable results have been reported in 
blood volume changes during basal nar- 
cosis with barbiturates. The most con- 
sistent results have been obtained using 
amobarbital. Bourne, Bruger and Dreyer 
recorded a hemodilution in dogs anes- 
thetized with amobarbital. Adolph and 
Gerbasi, and Searles and Essex have re- 
ported similar results. A reduction in 
cell volume and hemoglobin concentra- 
tion also occur. Moher reported a hemo- 
dilution in using barbital and pento- 
barbital. The dilution may be due in 
part to dilitation of the spleen which 
occurs during narcosis with barbiturates. 
Plasma volume is increased, however, 
during amobarbital anesthesia. The 
hematocrit is not as markedly changed 
after splenectomy during amobarbital 
anesthesia. Hamlin and Gregerson also 
found an increase of approximately IQd 
in plasma volume in using pentobarbilal 
in cats. Thiopental used as a sole agent 
causes no change or hemodilution. In 
cats, morphine causes a loss of water 
from both plasma and whole blood. Dur- 
ing spinal anesthesia, there is only a 
slight change in composition of the blood 
and in total blood volume, 

EFFECTS OF ANESTHESIA ON 
INTERSTITIAL FLUID 
VOLUME 

Determination of iNTEnsirnAL Fluid 
Volume 

The volume of interstitial fluid is not 
easily determined. The current methods 
give Nvidely divergent values ranging 
from 16 to 30% of the body weight of 
normal male adults. The difficulties in 
determination are due to a lack of a suit- 
able substance for tire test. Such a sub- 
stance should difiiise readily and rapidly 


from the vascular bed, should be ex- 
cluded from the cells, should not bind 
with the protein of tissues, should have 
a slow rale of excretion compared to dis- 
tribution, and should be inert in the 
body. Radioactive sulphur {S“), as the 
sulphate ion, appears to possess most of 
the forementioned ideal characteristics. 
Formerly potassium thiocyanate (KCNS) 
was used. 

Interstitial fluid volume is estimated 
by injecting tagged sodium sulphate into 
tile blood. The sulphate or thiocyanate 
ion passes into tissue spaces. If the cir- 
culating blood volume is known, the di- 
lution of the sulphate or thiocyanate in- 
jected into the blood can be computed. 
The volume of fluid needed to dissolve 
the thiocyanate or sulphate minus that 
of the circulating blood equals the inter- 
stitial fluid volume. 

DlSnVIBUTION OF Interstitul Fluim 

The interstitial fluid volume is about 
20% of the body weight. The quantity 
of water varies in different tissues. In the 
skin, for example, the extracellular water 
is approximately 45% of the weight of 
the tissue, kidney 57%, lung 49%, liver 
S7%, and muscle 13%. Interstitial fluid is 
an ultra filtrate of serum and contains 
the various electrolytes common to the 
eaViaceliular fluids. Intra- and extiacellu- 
lar fluids are in osmotic equilibrium. The 
cells contain potassium as the principal 
base. The interstitial fluid abounds in so- 
dium. The integrity of the cell, osmotical- 
ly speaking, must always be maintained 
regardless of changes in ionic concentra- 
tion of the environment. An increase in 
osmotic pressure in die interstitial fluid 
Kxused by changes m electrolyte content 
is accompanied by a shift of water from 
the interior of the cell to the exterior. In 
this manner, the osmotic pressure of the 
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cell is activated while that of the ex- 
terior is reduced until an equilibrium is 
established. Generally the composition 
of the cellular protoplasm does not 
change significant!)' unless the composi- 
tion of fluid outside the cell is greatly 
out of balance. The interstitial fluid, be- 
sides acting as a buffer between the cells 
and the vascular space, also acts as a 
reservoir for fluid which can be mobil- 
ized in times of need. The plasma vol- 
ume contained in the vascular space is, 
up to a certain point, maintained at a 
constant level at the expense of the in- 
terstitial fluid volume. Derangements in 
blood volume result when the interstitial 
fluid can no longer compensate for water 
loss which occurs from dehydration, 
hemorrhage, or other causes. 

Effects of Anesthesia, on iNTEnsimAL 
Fnm> Volumes 

Data on changes in interstitial fluid 
volume resulting from anesthesia are 
not plentiful. Barbour and associates 
noted a shift of water from the cells to 
the tissue spaces. Stewart and Rourke 
observed an increase in tlie interstitial 
fluid volume during surgery under ether 
anesthesia on human subjects. 

Bonnycastle in studies mentioned in 
the previous section, noted a decrease in 
the calculated interstitial fluid space fol- 
lowing morphine, morphine-ether, mor- 
phine-atropine and ether, and thiopental 
in dogs. Insignificant changes were 
found following atropine, alone and cy- 
clopropane, and nitrous oxide anesthesia. 
The exact fate of the lost fluid was un- 
e.xplained. It is interesting to note that 
barbiturates in these studies produced 
botli an increase of plasma volume and 
a decrease of interstitial fluid. It is be- 
lieved that barbiturates cause a migra- 
tion of interstitial fluid into the vascular 


space. Crawford and coworkers found 
that the combination of thiopental and 
nitrous oxide in man caused an expan- 
sion of the extracellular fluid volume 
after anesthesia. Similar behar’ior was 
noted after cycloporpane and ether. 

THE FORMED ELE^nENTS 
OF THE BLOOD 
The ERYTiraocTTE 

Anesthetic drugs cause some changes 
in erythrocytes. The erythrocyte has an 
average diameter of 7.2 microns, a thick- 
ness of 2.2 microns, an area of approxi- 
mately 120 square microns, and a vol- 
ume of 85 microns. The cell membrane 
is composed of protein and lipoid sub- 
stances (lecithin and cholesterol). A 
sponge-like mass, known as the stroma, 
whi(i is believed to be composed of the 
same substances as the membrane, holds 
the hemoglobin in its meshes. The water 
content of the red cell is less than that of 
other cells, usually averaging 60?. Tlie 
hemoglobin is approximately 38? of the 
weight of the cell. 

Erythrocytes have the same osmotic 
pressure as the surrounding plasma. The 
red cell membrane is penneable to cer- 
tain substances but impermeable to 
others. Dextrose, water and urea may 
diffuse in either direction. The mem- 
brane is usually impermeable to cations 
(Na*, K*) except the hydrogen ion and 
to proteins of the plasma, as well as 
those contained in the cell. Bicarbonate 
and chloride ions pass through readily, 
though phosphate and sulphate do not. 
The red cell is subject to changes in size 
due to changes in pH of the plasma. In- 
creased acidity of serum alters permea- 
bility of water and chlorides and allows 
migration of these substances into the 
red cells. Potassium is the chief base 
found in the erythrocyte. 
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ErrECT or Anesthetics Upon the Red 
Blood Cell 

Anesthetic drugs effect the red cell in 
at least two w-ays. (1) They pass into the 
lipoid substance, since many drugs are 
lipophilic. (2) They alter the permea- 
bility of the membrane. Some anesthetic 
drugs, such as ether and chloroform, 
when added directly to drawn blood in 
vitro cause the red cells to hemolyze, 
particularly if the concentration is exces- 
sive. Apparently they alter the structure 
of the stroma by causing solution of tlie 
lipoids. In vivo, however, this does not 
seem to occur. The lipophilic anesthetic 
drugs, chloroform, cyclopropane, and 
ethijJene, are found in greater concen- 
tration in the red cells tlran in plasma. 
The concentration varies with the red 
cell count. Paraldehtjde, ether, and more 
water-soluble drugs are more evenly dis- 
tributed between plasma and cells (see 
individual drugs for concentration). Tlie 
concentration of the lipophilic anesthet- 
ics varies with the hemoglobin content 
for a given alveolar partial pressure of 
gas or vapor. 

FnACtLmr During ANES-nresiA 

Leake and his associates investigated 
the ability of red cells to resist hypo- 
tonic saline solutions after tlie admirus- 
tration of certain anestlietics to dogs. 
Tlie fragility of cells in Simmel’s solution 
(hypotonic solutions of electrolytes) de- 
creased after a half hour’s ether anesthe- 
sia. Chloroform anesthesia caused a 
prompt decrease in fragility. Nitrous ox- 
ide with oxygen and ethylene ^vith oxy- 
gen produced only a slight lowering of 
resistance to hemolysis. Carbon dioxide 
was found to increase the resistance when 
dogs inhaled concentrations of 25% xvith 
any anesthetic drug. Cyclopropane an- 
esUiesia causes no change in resistance. 


Barbiturates cause a decrease in resist- 
ance to hypotonic saline solutions in 
vitro. Tin's varies with the type of sub- 
stituent. The hemolytic time of sheep’s 
blood increases as the number of carbon 
atoms increase in the substituted alkyl 
radical when concentrations comparable 
to those found in narcosis are used. 

HEMOLYSIS IN WO 
Whether or not a red cell hemolyzes 
depends upon its water content, its criti- 
cal volume, its ability to function as an 
osmometer, and tlie osmotic pressure 
witliin it. Hemolysis in vivo during clini- 
cal anesthesia is an unlikely occurrence. 
If it occurs, it is slight since only in un- 
usual circumstances does one find an in- 
crease in serum bilirubin or other pig- 
ments, suggesting that hemolysis has 
occurred (except chloroform). Pure ether, 
etlierin saline and large volumes of dilute 
nonisotonic infusion fluids of drugs 
may cause hemolysis. Paraldehyde rap- 
idly administered intravenously to dogs 
produces hemolysis detectable by the 
pink color of the supernatant fluid of 
centrifuged blood. Solvents used for cer- 
tain agents, as for example, propylene 
glycol may cause hemolysis. \Vhen ex- 
cessive hemolysis occurs the hemoglobin 
spills into the urine. 

FUNCTION AND CHEMISTRY 
OF HEMOGLOBIN 
The chief function of the erythrocyte 
is to carry oxygen. 'This it does by virtue 
of the hemoglobin contained within it. 
Hemoglobin is a pigment derived from 
the heterocyclic substance, pjTiole. Four 
pyrrole nuclei unite to form a ring struc- 
ture known as porphyrin. Side chains of 
various radicals may be added to this 
ring to form a number of types of por- 
phyrin. One of these, kno^vn as proto- 
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porphyrin, forms the basis of hemo- 
globin. Porphyrins combine with metals 
to form metalloporphyrin. If porphyrin 
combines with iron in tlie ferrous stale 
the metalloporphyrin known as heme 
forms. Heme combines with various ni- 
trogenous substances, most important of 
which are certain proteins to form hemo- 
chromogens. When heme combines with 
the protein, globulin, liemoglobin re- 
sults. Hemoglobin is a conjugated pro- 
tein consisting of the colored pigment 
portion, heme, and the colorless portion 
globin, 

UxioN wmi Oxygen 
According to Granich the iron atom 
in heme is believed to be hexacovalent 
and this binds six atom groups. Four of 
these covalent bonds are linked together 
by nitrogen atoms of the globin mole- 
cule. The remaining one is free to com- 
bine with oxygen. Tlie linkage with the 
protein and the nitrogen stabilizes the 
sixth remaining bond so that the oxygen 
cannot oxidize the iron to the ferric state. 
In this state only molecules which form 
covalent bonds with iron combine with 
the ferrohemoglobin. Oxygen and carbon 
monoxide form covalent bonds with 
iron wthout transferring electrical 
charges to the iron atom. Tliey can com- 
bine with oxygen without altering the 
electrical neutrality. The iron atom thus 
is able to resist formation of hydroyl 
ions. Since hemoglobin contains 4 hemes 
it contains 4 atoms of iron which com- 
bine with 8 atoms of oxygen. 

Types of Hemoglobin 
Several types of human hemoglobin 
are kno\Mr due to differences in the 
globin molecule. Hemoglobin F found 
in the fetus differs in electrophoretic mo- 
bility (movement in an electrical field) 


from that of hemoglobin A (adult type). 
They do not have the same oxygen disso- 
ciation curves .and absorption spectra. 
Hemoglobin A has been resolved into 
three different components. Hemoglobin 
S is found in sickle cell disease. For fur- 
ther details the reader is referred to more 
comprehensive texts on the subject. 

Approximately 15 grams of hemo- 
globin may be isolated per 100 ml. of 
human blood. A molecule of hemoglobin 
contains 4 atoms of iron. The iron por- 
tion, of the hemoglobin molecule, is 0.33% 
of its total weight. Oxygen combines 
with the iron portion of the pigment in 
such a manner that two atoms of oxygen 
combine with each atom of iron in a re- 
versible equilibrium. Four percent of the 
hemoglobin molecule is heme, the re- 
mainder is globin, The molecular weight 
of hemogJr^in is estimated to be 68,000, 
A fully saturated molecule of hemoglobin 
combines with 8 atoms or 4 molecules of 
oxygen. 

Oxygen Capacity and Content of 
Blood 

One unique feature of hemoglobin is 
its ability to rapidly absorb oxygen and 
to cling to it tenaciously at high o.xygen 
tensions and to part with it easily 
when it is exposed to low tensions. The 
combination is not an oxidation but 
merely an association. Hemoglobin en- 
meshed in the stroma as it exists in the 
cell behaves differently from that which 
has been separated from the stroma and 
prepared in an aqueous solution. Dis- 
solved hemoglobin readily combines 
with oxygen, but the ready dissociation 
at the lower oxygen tensions does not 
occur. The graphic representation of the 
dissociation of the solution if plotted at 
various o.xygen tensions from 0 mm. Hg 
to 150 mm. Hg is a hyperbola; for the 
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hemoglobin in whole blood it is an S- 
shoped curve. Increases in temperature, 
hydrogen ion concentration, exposure, 
to reduced or zero oxygen tension favor 
the dissociation of oxyhemoglobin to 
reduced hemoglobin. One gram of hemo- 
globin in whole blood when fully satu- 
rated combines with 1.34 cc. of oxygen. 
In arterial blood 95% of the hemoglobin 
is oxyhemoglobin, the remainder is re- 
duced. The inhalation of 100% oxygen in- 
creases the total amount of oxyhemo- 
globin to almost 100%. The amount of 
oxygen dissolved in plasma is about 
quadrupled, however. The tension in the 
blood is raised from 105 mm. Hg to over 
500 mm. Hg. The pressure gradient, 
therefore, is increased considerably. 

The volume of oxygen which can be 
liberated from a measured volume of 
blood is called oxygen content. Oxygen 
content is usually expressed in ml. of 
oxygen per 100 ml. of blood, or volumes 
percent. A normal adult who has 15 
grams of hemoglobin per 100 ml. of 
blood, would have 15 X 1-34 ml., or 
20.10 ml of oxygen, if it were all oxy- 
hemoglobin. The rfissolocd oxygen which 
amounts to 0.3 ml., must be added to 
obtain the total capacity. The blood con- 
tent is only about 95% of this capacity. 
Venous blood contains less oxj’gen than 
arterial blood since the tissues utilize a 
certain portion as blood passes through 
tlie capillaries. The difference in volumes 
percent between the oxygen content of 
arterial blood and that of venous blood 
is known as the arterio-venous or A-V 
difference. Arterial oxygen content may 
vary from vessel to vessel because of 
differences in metabolic rate of a par- 
ticular tissue. The true A-V difference is 
the difference between oxygen content 
of arterial blood and venous blood from 
tlie right side of the heart. Blood from 


the right side of the heart contains an 
average mixture of all venous blood of 
the body. The A-V difference in man is 
determined by introducing a catheter 
under fluoroscopy through tlie veins at 
the elbow into the subclavian, and 
thence into the auricle. 

DETERXnNATlOV OF BlOOO OxYCEN 

Oxygen capacity and oxygent content 
may be determined directly by use of 
the manometric apparatus of Van Slyke 
and Neill or the Scholander. Blood, 
drawn under oil or over mercury to pre- 
vent contact with air, is transferred to 
the apparatus and treated with an oxi- 
dizing agent such as potassium ferri- 
cyanide. The hemoglobin is oxidized to 
melhemoglobin which causes the release 
of oxygen. The liberated oxygen is meas- 
ured by absorption witli sodium hydro- 
sulphite and the oxygen content is com- 
puted in volumes percent (see Gas Anal- 
ysis, Chap. 7). If a portion of the an- 
aerobically collected sample is exposed 
to air or oxygen in such a manner as to 
allow all the uncombined hemoglobin to 
be converted to oxyhemoglobin and then 
analyzed, the oxygen capacity is ob- 
tained. The oxygen content divided by 
the oi^gen capacity (XlOO) equals the 
percent saturation of tlie particular 
specimen. If oxygen capacity is divided 
by 1.34, the number of grams of hemo- 
globin per 100 ml. which can carry o.xy- 
gen, is obtained. This method is perhaps 
the most accurate for determining hemo- 
globin but is too tedious and time- 
consuming for clinical use. 

Alteration of Hemoglobin by 
C iiEMiCAi. Agents 

Mild oxidizing agents, such as nitrites, 
ferricyanide, and cldorates convert the 
ferrous iron (Fe**) of oxyhemoglobin to 
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the ferric state (Fe***). One oxygen atom 
is retained on the hemoglobin molecule 
but the remainder of the oxygen is re- 
leased in gaseous form. Reduced hemo- 
globin also forms the same compound 
but does not give off oxygen. Hemo- 
globin oxidized in this manner is known 
as methemoglobin. Methemoglobin does 
not carry oxygen. Stronger oxidizing 
agents act upon the globin in addition 
to the heme portion of the molecule. The 
protein is denatured and the resulting 
compound is called cathemoglobin. Cer- 
tain drugs cause the formation of melhe- 
moglobin in the living body but the pig- 
ment can again be reduced to hemo- 
globin by the body when these drugs are 
removed. Cathemoglobin cannot be con- 
verted to hemoglobin due to the fact that 
the globin is denatured. Cyanides com- 
bine with methemoglobin to form cyan- 
hemoglobin, which is a non-toxic sub- 
stance, comparatively speaking. This re- 
action forms the basis of detoxification 
of cyanides. Oxidizing agents are admin- 
istered to cause methemoglobin forma- 
tion in cyanide poisoning. Usually they 
are of little avail because cyanides kill 
so swiftly and there is no time for the 
changes to occur. 

DISPOSAL OF ERYTHROCYTES 
IN THE BODY 

Red cells are being constantly de- 
stroyed in the body. The hemoglobin 
saved is converted to other pigments. 
The heme portion is disrupted from the 
globin and freed of its iron. The iron is 
stored in the liver. Tlie body conserves 
iron very judiciously. The heme is con- 
verted to various porphyrins. The 
reticulo-endothelial cells convert these 
porphjTins into tlie bile pigments, bili-^ 
rubin and biticerdin. In these two pig- 
ments, the ring of the pyrrol nuclei is 


disrupted but the pyrrol nuclei are re- 
tained in a chain. 

IDE.VTIFICATIO.X OF HEMOGLOBIN 

Hemoglobin and related pigments ab- 
sorb light of certain wave lengths and 
may be identified by spectroscopic 
methods. 

Reduced hemoglobin is darker in color 
than oxyhemoglobin. A greater concen- 
tration than 6 grams of the reduced pig- 
ment per 100 ml. of blood, if conditions 
are proper, causes the appearance of 
cyanosis. Hemoglobin and oxyhemo- 
globin are both weak acids. However, 
oxyhemoglobin is more acid than re- 
duced and usually exists as the potassium 
liemoglobinate in the cell. Hemoglobin 
combines with carbon monoxide in the 
same proportion as it does with oxygen 
to form a relatively stable compound, 
carbon monoxide hemoglobin. Carbon 
monoxide hemoglobin slowly dissociates 
to hemoglobin and carbon monoxide by 
exposure to high oxygen tensions. The 
dissociation is facilitated somewhat 
(about 3% per hour) by increasing the 
hydrogen ion concentration of plasma 
(by inhalation of 7}2% CO-). A stable com- 
pound forms between hemoglobin and 
nitric oxide (NO). Carbon dioxide also 
combines with hemoglobin to form a 
carbamino compound. The union, how- 
ever, as tlie name suggests, is with the 
amino groups of the protein and not with 
the iron in the heme as in the case with 
oxygen and carbon monoxide. The link- 
age is represented as follows: 

0 

Hb— NH— C— OH 

“Normal” Oxygen Tensions or Blood 

The oxygen tension in arterial blood 
(80-90 mm. Hg) is less than tliat in the 
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alveoli (105 mm. Hg) and that in the 
tissues is less than that of the blood. 

Fetal blood contains considerably 
more hemoglobin than maternal blood. 
The oxygen capacity of fetal blood av- 
erages 22 to 23 volumes percent. Fetal 
aitciial blood is approximately 50* satu- 
rated and contains 10 to 11 volumes per- 
cent of oxygen. The oxygen tension of 
fetal arterial blood is less than that of 
maternal arterial blood so that a gradient 
is established from the placenta to the 
fetus. The chemical nature of fetal hemo- 
globin is slightly different from the adult 
type, but the diflference is not of sig- 
nificance as far as anesthesia is con- 
cerned. 

0.x\’CEN TnANSPonr 

The transport of oxygen during anes- 
thesia must remain unimpaired, as every 
anesthesiologist realizes. Consequently, 
the effects of anestlietic drugs upon the 
oxygen combining power and dissocia- 
tion of hemoglobin are important. If tlie 
airway is patent and the ah^eolar oxygen 
tension is well maintained, the oxygen 
content of arterial blood is not lowered 
during general anesthesia with currently- 
used anesthetic agents. No appreciable 
changes in the ability of hemoglobin to 
combine with oxygen or to release it 
have been demonstrated. One must bear 
in mind that anesthetic drugs are lipoid- 
soluble and may change relationships 
within tlie interior of the cell and affect 
the stroma which holds the hemoglobin 
in the cell. The absorption bands during 
the spectroscopic analysis of blood in the 
presence of nitrous oxide are slightly dif- 
ferent from those of oxyhemoglobin. 
This has been interpreted to indicate a 
loose combination between hemoglobin 
and nitrous oxide. The question as to 
whether or not there is a combination 


has not been settled conclusively. Other 
anesthetic drugs do not combine. 

Blood Oxycijn Analysis Duiung 
Anesthesia 

Analysis of the oxygen content of 
blood from anesthetized subjects is in 
some instances difficult because the an- 
esthetic vapors interfere with the analy- 
sis. However, improvements in the meth- 
ods by Seevers, Orcutt, Waters, Shaw, 
Dowing, Goldstein, Holladay and otliers, 
have extended the usefulness of the 
manometric apparatus of Van Slyke and 
Neill to anesthesia studies. Blood- 
oxygen-content determinations during 
anesthesia are now possible. Shaw and 
his co-workers undertook blood-ojygen 
studies in dogs anesthetized with ether. 
Both arterial oxygen content and oxygen 
capacity are slightly elevated when ether 
is administered by tlie open drop 
method. The increase in oxygen capacity 
may be an indication of an Increase in 
cell volume percentage. The oxygen con- 
tent of venous blood is also increased. 
Tlie percent saturation is slightly low- 
ered, particularly in view of the in- 
creased capacity in both arterial and 
venous blood. The A-V difference is nar- 
rowed, indicating that the tissues receive 
or use less o.xygen. This indicates that 
tissues either require less oxygen, due to 
a decrease in metabolism, use less due to 
some unexplained effect on the oxida- 
tive mechanism, or the blood passes 
llirougli tire peripheral vessels at an in- 
creased rate. 

The arterial oxygen content in man 
and dogs under cyclopropane anesthesia 
is also increased. The venous blood oxy- 
gen content rises and a narrowing of the 
A-V difference occurs. Spinal anesthesia 
in both man and dogs is accompanied by 
a normal arterial oxygen content but the 
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venous blood oxj’gen content is low- 
ered. The A-V difference is widened, 
suggesting a stagnation of blood in the 
peripheral vessels. The oxygen content 
during anesthesia with nitrous oxide is 
within normal limits if the oxygen ten- 
sion in the inspired mixture is not below 
tliat of the atmosphere. Similar data have 
been found for thiopental, halothane 
and other agents. Cullen and his asso- 
ciates noted no serious anoxemia when 
nitrous oxide with 20% oxygen was in- 


haled. However, when the mixture con- 
tained only the o-’i^gen content 

and tension in the arterial blood were 
reduced to dangerously low levels. The 
non-volatile drugs used for premedica- 
tion may cause a lowering of arterial 
oxygen below usual values as a result of 
depression of the medullary centers. 
Such lowering occurs regardless of the 
fact that the inspired air contains 20% or 
more oxygen, unless respiration is as- 
sisted. 
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Effects of Anesthesia Upon Composition of 
Body Fluids (Continued) 


EFFECTS OF ANESTHESIA UPON ELECTROLYTES, TOTAL 
BASE AND ACID.BASE BALANCE 


CATIONS AND ANIONS 

T he soluble inorganic constituents 
of tissues are largely crystalloids 
which are present in an ionized state. Tlie 
cations are chiefly basic ions, the sum of 
which is often called total hose. The 
most prominent cations are derived from 
tlie two alkaline metals, pofassUtm and 
sodium, and two alkaline earth metals, 
calcium and magnesium. Other metals, 
such as zinc, iron, copper, cobalt and 
magnesium are present in traces in tis- 
sues. They exist as cations also. Some 
metals, as for example calcium, are 
bound to tissue protein and, therefore, 
are not included in the total base, since 
they do not pass into the soluble filtrate 
during analysis. The concentrations of 
these metallic ions or their salts are in- 
cluded along with the other cations in 
total base determinations. The am- 
monium ion is also present in blood. It 
also contributes to the total base since it 
is a cation. 

The charges on the cations balanced 
by equal charges found on a group of 
anions maintain electrical neutrality. The 
anions are derived from both inorganic 
and organic acids. The most prominent 
anions in blood are hicarhonate, sul- 


phate, phosphate, chloride, hromide and 
iodide. This mixture of cations and 
anions is referred to as electrolytes. 

Milliciums akd Milliequivalents 
Concentrations of electrolytes are ex- 
pressed in terms of milliequivalents 
(m.Eq.) in preference to milligrams per 
cent In this system one deals with 
charges and not mass. A mUliequivalent 
is the concentration of an ion per one tnl. 
of a normal solution. It is computed by 
dividing the atomic weight of an ele- 
ment (or the sum of the atomic weights 
in a radical) by the valence of the ele- 
ment Of radical. Twenty-three mgm. of 
sodium (atomic wt. 23) are equal to 
20 mgm. of calcium (atomic wt. 40). One 
milliequivalent of a cation exactly bal- 
ances one milliequivalent of an anion. 
The older method of e.\pressiDg ionic 
concentrations according to milligrams 
per volume of fluid placed emphasis on 
the mass of the particle instead of 
charge. Therefore, such expressions 
yield no information regarding the po- 
tential for maintaining electrical neu- 
trality. A chloride ion is as effective in 
balancing the charge on a cation as an 
ion derived from some protein which 
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may be several thousand times heavier. 
For example, one milligram of hydrogen 
(atomic \vt. 1) unites with 17 milligrams 
of hydroxyl ion to give 18 milligrams of 
water or with 35 milligrams of chloride 
ion to give 36 milligrams of hydrogen 
chloride or with 68,000 milligrams of al- 
buminate ion to give albumin. 

TOTAL BASE 

The total base of whole blood ranges 
from 150 to 160 m.Eq. per 1. of which 
138 to 148 ate contributed by sodium, 5 
by potassium, 5 by calcium, and 2 to 3 
by magnesium. This total ionic charge is 
balanced by chloride 104 m.Eq., bicar- 
bonate 26, phosphate 2, sulphate 1, and 
protein 17. There is an optimum concen- 
tration of each basic ion in a particular 
tissue or fluid. The organism attempts to 
maintain the concentration of each ion 
at this optimum level which is often re- 
ferred to as a steady slate. Mechanisms 
are present in the body which maintain 
a steady state and prevent an excess of 
ions from accumulating or a depletion 
by a rapid loss. The total base (cations) 
is an index of the total electrolyte con- 
centration, since the concentration of 
anions, electrically speaking, must equal- 
ize that of the base. 

The individual basic ions are not in- 
terchangeable one for the other. IE one 
cation is depleted to any appreciable 
extent a shift or rearrangement occurs 
to offset the loss and maintain the elec- 
trical balance. Any appreciable shift us- 
ually results in discernible physiological 
disturbances. The concentration of indi- 
vidual anions may likewise shift but they 
may vary to a much greater extent be- 
fore notable disturbances in body func- 
tion are observed. This is not the case 
with the cations. The total concentration 
(anions), however, is as constant as that 
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of the cations. A decrease in the total 
cations results in an equivalent decrease 
of anions or vice versa. The same ap- 
plies to an increase of the total in either 
group. 

OSMOLARTTY 

The osmotic force which develops 
across a semi-permeable membrane di- 
viding a pure solvent from a solution is 
dependent upon the number of particles 
in a unit volume of solution (Chap. 3). 
The pure solvent tends to pass into the 
solution and increase the total number of 
molecules. One gram molecular weight 
of a non-ionizable substance, as for ex- 
ample glucose (180 gm.), contains 6,02 X 
10** particles. Such a quantity is termed 
an osmol since solution of this quantity 
of glucose in 22.4 liters of water de- 
presses the chemical potential by one 
atmosphere. In other words, a pressure 
of one atmosphere must be applied to 
the solution to prevent migration of 
water across the membrane into the solu- 
tion. One gram molecular weight of so- 
dium chloride (58.5 gm.) contains 6.02 X 
10** molecules. This dissociates into two 
separate ions. Each ion is an individual 
particle and acts as such. The number of 
particles is doubled. Therefore, one mo- 
lecular weight of sodium chloride exerts 
an osmotic equivalent of two osmols. 
Calcium chloride (CaCh) dissociates into 
three particles and exerts an osmotic ef- 
fect of 3 osmols. The osmolarity of a solu- 
tion depends on the number of particles, 
not on their size or charge. When a pro- 
tein (albumin) chloride molecule dis- 
solves in water it is divided into one pro- 
tein particle (weight 68,000) and an anion 
(Cl) (weight 35). Hie osmotic effect of 
protein is similar in magnitude to that of 
sodium ion which is a far smaller par- 
ticle. 
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The osmol is too large a unit to ex- 
press osmotic forces found in biological 
fluids. The concentrations of osmotically 
active components of body fluids, there- 
fore, are expressed in terms of milli- 
osmols (m.Osm.) per liter or Idlogram of 
water. One milUosmol is equal to 1/1000 
of an osmol. One milliosmol of a mono- 
valent ion is equivalent to one millie- 
quivalent; one milliosmol of a divalent 
ion is equivalent to two milliequivalents 
of that ion. 

Osmotic Pressure in Tissues 

The transcellular fluids, interstitial 
fluids, and intracellular fluids have os- 
molal concentrations of approximately 
300 milliosmols per liter of water. One 
m.osm exerts a pressure of 17 mm. Ilg. 
Therefore, the total pressure generated 
in these fluids would be 300X17 = 
5100 mm. Hg. Roughly 95% of the os- 
motic activities of plasma and body 
fluids is due to sodium, chloride and 
bicarbonate ions. \Vlien water moves 
across living membranes the shift in- 
volves the concomitant migration of elec- 
trolytes. Were not this tlie case a change 
in osmolarity would result. 

imxymTiAL iay,% 

During anesthesia many factors op- 
erate that affect body water. Therefore, 
changes in concentration of cations and 
anions are to be expected if fluid bal- 
ance is disturbed. The total base con- 
centration may increase, decrease or it 
may remain unchanged. It may be pos- 
sible, though, for the total base to re- 
main unchanged while the concentra- 
tions of individual cations may vary. 
Loss of sodium ion, for example, may 
favor the retention of potassium without 
appreciably disturbing total base. Total 
base may increase or decrease as the 


result of changes in the concentrations 
of anions. The ions composing the total 
body electrolytes must therefore be con- 
sidered individually as well as collec- 
bvely. 

Sodium (Na*) Ion 
Disinbution and Function 

Sodium is a nwnovalent cation (atomic 
weight 23) whicli comprises approx- 
imately 92% of the total base of plasma. 
Sodium ion is distributed almost entirely 
in plasma and the interstitial fluid; 5(k 
is extracellular, 40% is in bone and 10% 
is intracellular. That in bone is non-ex- 
cliangeable. The concentration in plasma 
remains quite constant. It averages 140 
m.Eq. per liter. Since sodium is largely 
an extracellular ion the concentration in 
whole blood is lower than plasma, aver- 
aging 70 m.Eq. per liter. Concentra- 
tions in whole blood vary' with changes 
in the cell volume percentage. The kid- 
ney excretes sodium ingested in excess 
of body needs. When total base is de- 
pleted the loss is mainly sodium ion 
since this is the predominating basic ele- 
ment. Other basic cations may, but do 
not satisfactorily, replace depleted so- 
dium either qualitatively or quantita- 
Yivdiy. Tne ^o'ta’i sodium ion concentra- 
tion is proportionately so much greater 
than other basic ions that the influence 
of other cations, quantitatively speaking, 
is of little consequence in maintaining 
total base. Thus, the retention of potas- 
sium ion offsets depletion of sodium to a 
limited extent since the increase can bo 
a Uttle more than several milliequiva- 
lents and such an increase produces im- 
toward responses. 

The blood and tissue electrolyte con- 
centration is under hormonal control, 
principally those of the adrenal gland. 
Otlier hormones which influence electro- 
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lyte balance are those of the posterior 
pituitary (antidiuretic) and insulin. De- 
ficiency of adrenocortical hormones 
causes loss of sodium through the kidney 
and a retention of potassium. Sodium 
concentration in blood varies little in 
most diseases. Sodium is increased in 
renal disease, and in alkalosis. In Addi- 
son’s disease and myxedema, plasma so- 
dium values are decreased. 

Effects of Anesthesia 
Plasma sodium concentrations vary 
little during uncomplicated anesthesia. 
Both early and recent studies are in 
agreement and reveal few remarkable 
changes. Fay, Andersch, and Kenyon 
found only a slight change in blood so- 
dium in dogs (2 to 3 m.Eq. per liter) 
after one hour’s ether anesthesia. Ma- 
renzi and Gerschman also found prac- 
tically no changes during ether anes- 
thesia. McAllister, Foot, and co-workers 
likmvise found no change in sodium in 
dogs with ether. A slight increase in 
sodium and total base was observed after 
cyclopropane anesthesia in dogs by Fay 
and co-workers. No change in total base 
after cyclopropane was reported by 
Grieschiemer. Changes in sodium con- 
centrations are not due primarily to the 
effect of the anesthetic drug itself but re- 
sult secondarily from aberrations induced 
by the anesthetic state. Disturbances in 
^ventilation particularly those causing re- 
tention of carbon dioxide cause a shift- 
ing of sodium. Hydrogen ion quickly 
moves into the red blood cell and sodium 
and potassium move outward. The 
changes which are initiated during anes- 
thesia may not become fully manifest 
until recover)’. Salt retention, antidiure- 
sis, changes in function of the tubules, 
impairment of absorption of water and 
changes in permeability of the endothe- 


lial membrane are all factors which could 
influence sodium concentrations. During 
ether anesthesia an increase in sodium 
in the extracellular fluid spaces is noted. 

One factor, upon which little emphasis 
has been placed, is the influence of dis- 
ease states and electrolyte balance dur- 
ing and after anesthesia. Generally 
though, marked deviations are not ob- 
served in normal patients. 

During anesthesia and surgery’ changes 
take place in the total volume of fluid in 
various compartments in the body. De- 
spite this, the concentration of plasma 
sodium remains constant. Studies using 
radioactive sodium reveal a shift of so- 
dium from the intra- to the extracellular 
fluid space. Anesthesia with cyclopro- 
pane causes a temporary suppression of 
electrolyte excretion which returns to 
normal during recovery. This is due to in- 
creased tubular absorption. The amount 
of sodium excreted is decreased even 
though the urine volume is increased. 

Potassium (K*) Ion 
Function and Distribution 

Potassium which, like sodium, is a 
monovalent cation is chiefly an intra- 
cellular ion. The total body potassium 
averages 45 m.Eq. per kilogram of body 
weight A 70 kilogram man contains 120 
grams of potassium. Approximately 60 
in.Kq. or 2% of the total are found in the 
extracellular fluid. All of the tissue potas- 
sium is exchangeable and labile. It is 
possible to measure total body potassium 
by using radioactive dilution techniques. 
Studies with radioactive potassium re- 
veal an almost complete turnover of the 
element in the body every few days. In 
blood, potassium is concentrated diiefly 
in tlie erythrocytes (107 m.Eq. per liter). 
Plasma levels average 5.0 m.Eq. per 
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liter. Wliole blood, naturally, con- 
tains a much higher quantity tlran 
plasma. The range is 150 to 250 mgm. 
per 100 ml. or an average of 50 m.Eq. 
Within the cell potassium acts in the 
same manner as does sodium in the 
extracellular fluid. Tlie ion influences os- 
motic pressure, acid-base balance and 
water retention. 

Role of Potassium in Physiological 
Acticity 

Potassium ion is of extreme impor- 
tance in the execution of various physi- 
ological processes. Potassium is abun- 
dant in nerve (530 mgm. per 100 gm.) and 
muscle (250 to 400 mgm. per 100 gm.). 
Tlie ion, together with sodium and cal- 
cium, is essential in the maintenance of 
the heart beat. The potassium ion plays 
an important role in impulse transmis- 
sion at the synapses in the ganglia, at 
parasympathetic (cholinergic) nerve 
endings and at the neuromuscular func- 
tion, Vagal stimulation is followed by an 
increase in potassium in perfusates from 
isolated hearts and other organs in 
which cholinergic fibres predominate. 
Potassium ion is essential for the proper 
functioning of acetylcholine at the syn- 
apses of ganglionic and other neurons. 
The ratio of the concentration of potas- 
sium in a resting nerve fibre is 5 parts to 
3 in that of the surrounding medium. As 
tlie excitation wave passes along a fibre 
potassium migrates outward into the 
perineural fluid and sodium migrates in- 
ward (Chap. 21). During the recovery 
phase the reverse is true, potassium re- 
turns inward and sodium outward. This 
asymmetry in concentration of ions 
causes a potential difference to develop 
between the interior and the exterior of 
the cell. The interior of the membrane is 
negative to the exterior. Stimulation of 


the nerve, or deprivation of oxygen, 
causes loss of potassium ions from the 
fibre and diffusion of the ion into the sur- 
rounding medium. The intraneural con- 
centration returns to normal in the rest- 
ing stage. Increasing the concentration 
of potassium in the medium surrounding 
the nerve causes a reduction of the elec- 
trical potential and a decrease in excit- 
ability of the nerve. Conduction may be 
blocked by elevating the extraneural 
concentration of potassium. A similar 
situation exists at the myoneural junc- 
tion, Here, as in nerve, potassium ion 
predominates on the interior of the mem- 
brane and sodium at the exterior. The 
interior of the membrane is negative in 
relation to the exterior (Chap. 23). Lack 
of potassium results in asthenia and 
inability of the muscle to contract, 

Variations in Plasma Levels 
The concentration of potassium in 
blood remains remarkably constant in 
healthy adults. Ordinarily blood level de- 
terminations show little variations due 
to ll»e remarkable constancy of the con- 
centration in blood. The plasma level of 
potassium is a poor index of tissue stores 
of the ion. In acute rena.1 failure, since 
the kidney cannot eliminate tlie ion, the 
discharge of small amounts of potassium 
from the cells results in excessive potas- 
sium levels. Tlie concentration may rise 
to lethal levels (&-10 m.Eq. per liter). In 
diabetic acidosis, when renal function is 
normal, much of the cellular potassium 
migrates outward into the extracellular 
fluid. However, it is excreted into the 
urine and little change in potassium level 
occurs. The plasma level therefore is 
misleading. The infusion of glucose 
causes the transfer of potassium into the 
cells and results in a sharp dech'ne in 
plasma potassium. Potassium ion causes 
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toxic symptoms when the extracellular 
concentrations exceed 1/10 to 1/8 of 
that normally found intracellularly. Po- 
tassium salts are rapidly absorbed from 
the gastrointestinal tract. The normal 
functioning kidney quickly excretes ex- 
cesses ingested over the immediate needs 
of the body. 

Variations with Disease 
Blood levels vary in some disease 
states. In anemias blood levels are below 
the stated normal due to reduction in 
cell volume. In polycythemia blood levels 
are above stated normal values due to 
the increase in total number of red cells. 
Scudder and associates observed a rise 
of serum potassium in intestinal obstruc- 
tion. Serum potassium is increased in Ad- 
dison’s disease and other disturbances 
associated with hypofunction of the 
adrenal. The increase occurs in the ex- 
tracellular fluid due to decreased renal 
excretion resulting from loss of sodium 
ions. Whether or not the cortical hor- 
mone of the adrenal gland controls po- 
tassium levels as they do sodium has not 
been established with certainty. How- 
ever, the concentration of both ions is 
interrelated— the concentration of one 
influencing the concentration of the 
other. Release of epinephrine and nor- 
epinephrine causes an increase in 
plasma potassium. This is released from 
the liver as a result of the glycogenolysis 
caused by increased sympathelico- 
adrenal activity. Loss of sodium ions may 
result in an increase of potassium plasma 
levels. Tliis occurs at the expense of 
intracellular stores of the ion. Therefore, 
changes in the concentration of one ion 
must be correlated wth levels of sodium 
ion. 

An excess of potassium ion in the 
blood produces disturbances in cardiac 


rhythm. The T waves are elevated. Hy- 
popotassemia likewise causes changes in 
cardiac rhythm. Low v'oltage in the elec- 
trocardiogram and a flattening of the 
T waves are commonly observed. Reten- 
tion of carbon dioxide causes an eleva- 
tion of blood potassium. This is described 
further on. Potassium ions also tend to 
antagonize the effects of calcium. 

Effects of Anesthesia 
Alteration of serum potassium levels 
may occur during general anesthesia 
since concentrations of the ion are in- 
fluenced by respirator)' acidosis and re- 
spiratory acidosis may occur during anes- 
thesia. Changes in total base, blood vol- 
ume and cell permeability possibly con- 
tribute to the disturbance. Data of earlier 
workers is not in agreement with more 
recent figures. Greschman and Marenzi 
found the plasma potassium of dogs an- 
esthetized with ether, chloroform, mor- 
phine and chloraJose falls soon after in- 
duction of anesthesia and returns to nor- 
mal after four hours. They felt that the 
ion migrates from the plasma to the tis- 
sues, and possibly to the liver, since there 
was no increase in the content in the red 
corpuscles. Robbins and Pratt also noted 
a fall which persisted for 30 minutes af- 
ter termination of cyclopropane anes- 
thesia. This was followed by a return to 
the normal levels after five hours. An- 
drews and co-workers also observ’ed a 
fall wth ether. Stewart observed an av- 
erage fall of approximately 11% in man 
operated under ether anesthesia. Fay, 
Andersch, and Kenyon also noted a fall 
with both ether and cyclopropane in 
dogs. The fall was greater with ether 
dian with cyclopropane. 

Cattell reported a severalfold increase 
of potassium in sera of cats subjected to 
complete asphyxia for four to five min- 
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utes. Dial, wliich was used for anesthesia 
in tliese experiments produced a slight 
lowering of the potassium level. These 
findings are difficult to interpret since 
the concentration of the ion itself V'as 
studied and no correlation was made 
with concentration of other ions, plasma 
pH, and depth of anesthesia and so on. 

It has been established recently that 
changes in serum potassium during anes- 
thesia are directly related to the degree 
of retention of carbon dioxide. Young 
and his workers and Brown and his as- 
sociates observed that a marked rise in 
potassium occurs when carbon dioxide 
is retained to a degree which resulted In 
severe respiratory acidosis. Abrupt re- 
moval of the carbon dioxide caused a 
rapid rise in potassium with a tendency 
towards ventricular fibrillation particu- 
larly during hypotliermia. 

Calcium (Ca**) Ion 
Distribution 

Calcium is a bivalent cation present in 
extracellular fluid. The atomic weight of 
calcium is 40. Therefore, 20 milligrams 
per liter constitute one m.Eq. of the ion. 
The cation is indispensable for maintain- 
ing normal cardiac function, the integrity 
of the nervous system, and norma! mem- 
brane permeability. It is necessary for 
clotting of blood and for tlie formation 
of calcium pbospbates and carbonates in 
the bones, teeth, cartilage, and other 
rigid tissues. Calcium is the most abun- 
dant metal in tlie body. Ninety-nine per- 
cent of the calcium in the body is in the 
skeleton. Two percent of the weight of 
the adult body is calcium. 

Absorption 

The daily requirement for an adult is 
0.45 gm. For a child, approximately 
twice this amount is needed. Absorption 


of calcium occurs mainly from the upper 
region of the small intestine. The more 
alkaline the intestinal contents the less 
soluble are the calcium salts and the 
less the absorption. Vitamin D promotes 
absorption from the bowel. Calcium is 
excreted into the large bowel continu- 
ously regardless of the calcium intake. 
If the phosphate to calcium ratio is high 
insoluble calcium phosphate forms and 
absorption is decreased. Small quantities 
of calcium are excreted in urine (approx- 
imately 150 mgm. daily). 

Blood and Tissue Concentrations 

The concentration of calcium in blood 
is related to and dependent upon the 
concentration of phosphates. Tlie con- 
centration iix serum averages between 9 
mgm. and 11 mgm. per 100 ml. (5 m.Eq. 
per liter). Erythrocytes contain only mi- 
nute traces of calcium. The spinal fluid 
contains 2 m Eq. Muscle contains ap- 
proximately 70-80 mgm. per 100 gm. 
of tissue (almost as much as plasma). 
Nerve tissue contains 15 mgm. per 100 
gm. The blood concentration varies little 
during health. 

Serum calcium exists in two forms— a 
(liffusible ionized form and a bound 
tinionizahlc lorm. Tlie diffusible fraction 
varies from 50 to 602 of the total. Prac- 
tically all the freely diffusible fraction 
is believed to be ionized (all except 0 25 
mgm.). Tlie unionized portion is believed 
to be physiologically inactive because it 
exists as calcium carbonate and phos- 
phate both of which are inert. The con- 
centration of diffusible calcium in blood 
is greater than that which can be ac- 
counted for by the solubility product of 
the ion and the anions which tend to 
precipitate insoluble calcium com- 
pounds, namely phosphate ions. Serum 
proteins probably assist in maintaining 
the calcium in solution. A definite rela- 
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tionsliip exists between the concentra- 
tion of serum protein and serum calcium. 
This proportion is 0.556 calcium to 6 
protein by weight. Blood serum is prob- 
ably a saturated solution of calcium 
phosphate. The relationship between 
protein, calcium ion, and inorganic phos- 
phates in serum is believed to be calcium 
0.556, protein 6, and phosphate 0.225. 
The calcium combined with protein is 
probably bound with the albumin frac- 
tion and this fraction is only partially 
hydrolyzed. A decrease in protein causes 
an increase in diffusible calcium in 
blood. Inorganic phosphate probably 
has a suppressing effect, not only upon 
the ionized portion of calcium, but also 
upon the fraction combined with protein 
as well. An increase in sodium ion con- 
centration causes a decrease in organic 
serum phosphate. 

The amount of ionized calcium in tlie 
blood varies with serum pH. This rela- 
tionship can be understood readily since 
the hydrogen ion concentration influ- 
ences the serum bicarbonate and phos- 
phate concentrations. A decrease in hy- 
drogen ion concentration (alkalosis) 
causes the ionized calcium faction to de- 
crease. An increase of hydrogen ion con- 
centration (acidosis) causes a rise. The 
changes occur principally in the physio- 
logically active calcium. Calcium ions de- 
creased as bicarbonate or phosphate ions 
increase and increase if the concentration 
of bicarbonate and phosphate ions falls. 
Alkalosis and acidosis do not appreciably 
affect total serum calcium since changes 
in serum pH influence chiefly the ion- 
ized portion which is only a small frac- 
tion of the total. 

Hormonal Control of Plasma Levels 
The calcium stores of the body are 
profoundly influenced by parathormone, 
tlie hormone secreted by the parathyroid 
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gland. Excess parathormone causes an 
elevation of serum calcium. An excess 
of parathormone causes calcium to be 
mobilized from the depots in bones. The 
effect of parathormone is dependent 
upon an adequate supply of vitamin D. 
Extirpation of the parath)Toid glands 
is followed by a decrease in serum cal- 
cium and an increase in organic phos- 
phates. A concentration of calcium in 
blood below 7 mgm. per 100 ml. results 
in tetany. Tliis syndrome may be re- 
lieved by injections of parathormone and 
calcium. Insulin and epinephrine cause 
transient changes in serum calcium 
which are probably due to a decrease in 
serum phosphate. Vitamin D aids in the 
absorption of calcium from the intestine 
and causes an elevation of the serum 
level. Vitamin D requires the presence of 
parathormone. Oral ingestion of quanti- 
ties above the minimum daily require- 
ment of calcium, on the whole, affects 
serum levels very little. A temporary 
rise may occur during the first two hours 
but this is followed by a return to nor- 
mal within three hours. Likewise, diets 
low in calcium cause little change in 
serum calcium levels because the cal- 
cium in bones is mobilized under these 
circumstances and offsets deficiencies. 
Sulphates injected intravenously lower 
serum calcium temporarily. 

Effects of Anesthesia 
Little data is available on the effect of 
anesthesia on serum calcium. Some 
changes are to be expected since a num- 
ber of factors upon which serum calcium 
depends, such as serum pH, bicarbon- 
ate and phosphate change during anes- 
thesia. Overventilation may cause a re- 
duction in total serum calcium if the car- 
bon dioxide tension is reduced appre- 
ciably. This may be of suBcien t degree to 
cause tetany. Some of the neuromuscular 
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phenomena accompanying acute an- 
oxia have been ascribed to tetany result- 
ing from hyperventilation which occurs 
initially. Ether anesthesia is accom- 
panied by a lowering of serum calcium. 
A decrease has also been observed dur- 
ing narcosis from morphine and somni- 
fen in animals. No change has been ob- 
served during tribromethanol narcosis. 
The changes reported during anesthesia 
however are slight and apparently of no 
biocliemical significance since manifes- 
tations of hy'pocalcemia or hypercal- 
cemia have not been observed. 

Magnesium (Mg**) Ion 
Function 

Magnesium is a bivalent cation whose 
atomic weight is 24. One milliequivalent, 
therefore, equals twelve milligrams per 
liter. Magnesium is an Indispensible ele- 
ment in mammalian tissues. Apparently 
the ion plays a part in a number of physi- 
ological functions. Magnesium is essen- 
tial for the maintenance of a proper state 
of neuromuscular activity. It behaves 
somewhat like calcium in this respect. It 
probably acts as a coenzyme in muscle 
to activate enzjines of the glycolytic sys- 
tem. Magnesium is essential as a coen- 
zyme in the formation of hexose phos- 
phate, the preliminary step of the break- 
down of a carbohydrate. 

Distribution in Tissues and Blood 

Approximately 70? of the total mag- 
nesium in the body is present in the 
bones. Magnesium is primarily an in- 
tracellular ion. Most of that which is 
present in blood is in the corpuscles. The 
concentration in muscle is approximately 
21 milligrams per 100 grams of tissue. 
Muscle cells contain more magnesium 
than calcium. Tlie exact blood magne- 
sium level is not easily established be- 
cause the methods of analysis heretofore 


have been complex and tedious. How- 
ever, more is being learned about mag- 
nesium since the flame photometer has 
been used for analysis. The usual con- 
centration in serum varies between 1.4- 
1.7 m.Eq. per liter. The concentra- 
tion in whole blood is considerably 
higher, usually 2 mgm. to 4 mgm. per 
100 ml. (L7-S.4 m.Eq.), The average is 
2.4 m.Eq, The concentration in cells is 
variable due to shifts in cell volume, but 
under normal circumstances averages 
from 6 to 7 mgm, per 100 grams of tis- 
sue. More magnesium is found in the 
cerebrospinal fluid than in plasma— 
about 3 mgm. per 100 ml. 2.4 m.Eq.). 

Effects of Deficiencies and Excesses 

Deficiency of magnesium is uncom- 
mon- Magnesium deprivation usually 
causes vasodilatation, hyperexcitabilily 
of the nervous system and tetany and 
similar neuromuscular phenomena. The 
tremors in clironic alcoholism are 
ascribed to magnesium deficiency. Fat 
metabolism may be disturbed and de- 
calcification of bones may also occur. 
The plasma level is little more than a 
clue to the stale of balance of the ele- 
ment in the body, since magnesium is an 
intracellular ion. The element cannot ef- 
fectively replace calcium in bone forma- 
tion. The magnesium in bones is not 
mobilized in deficiency slates. 

An excess of magnesium causes de- 
pression of the central nervous system. 
This action is of special interest to anes- 
thesiologists. A plasma level of 5 mgm. 
per 100 ml. produces depression; 20 
mgm. produces anesthesia. An excess can 
only result from parenteral administra- 
tion, since magnesium salts are poorly 
absorbed from the gastrointestinal tract. 
Less than 2? of an orally ingested dose is 
found in the urine. Oral doses of the sul- 
phate do not raise the serum level save in 
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the presence of renal disease. Injected 
magnesium salts cause an elevation in 
concentration of magnesium ion in ex- 
tracellular fluid. This excess is subse- 
quently excreted into the urine. Some of 
the magnesium is excreted in the feces. 
Excretion of a parenteral dose is rapid at 
first (4 to 8 hours), but gradually tapers 
off requiring a course of several days for 
complete elimination. Excretion of mag- 
nesium is delayed in the presence of 
renal damage. Magnesium is stored in 
the body, but the exact site of deposition 
has not been determined. 

Effects of Anesthesia 
Studies on variations of magnesium 
metabolism resulting from anesthesia are 
few. Any deviations which occur are ap- 
parently insufiRcient to cause physiologi- 
cal disturbances. Serum magnesium is 
lowered during ether anesthesia. The sig- 
nificance and the reasons for this are not 
knONvn. 

Magnesium Anesthesia 

High concentrations of magnesium de- 
press nerve activity as has been men- 
tioned previously. This effect occurs both 
centrally and peripherally. Local appli- 
cation of a solution containing magne- 
sium ion to a nerve produces a blockade. 
Presumably the magnesium acts by de- 
polarizing the membrane. Magnesium 
salts injected intrathecally produce 
spinal anesthesia. This response is be- 
lieved to be due to a change in tonicity 
rather than to a direct magnesium af- 
fect on the neurons. 

Parenterally magnesium ion produces 
varying degrees of central depression de- 
pending upon the concentration in the 
blood. Magnesium salts are used to con- 
trol hyperactive slates of the nervous sys- 
tem, such as convulsions due to hyper- 
tensive encephalopathies. The action of 
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sedative and anesthetic drugs is aug- 
mented by intramuscular and intrave- 
nous injections of magnesium sulphate. 
Combinations of subcutaneous mor- 
phine, rectal ether mixtures and intra- 
muscular injections of 50% magnesium 
sulphate (MgS 04 * 7 H 20 ) have been used 
to produce anestliesia. A 2% aque- 
ous solution is isotonic and suitable for 
intravenous administration. Plasma levels 
exceeding six times the normal level pro- 
duce medullary paralysis and respira- 
tory arrest. Variations in reflex activity 
can be correlated with blood levels. Mag- 
nesium anesthesia is not tlierapeutically 
useful since it is not controllable and 
vital centers are readily inactivated. The 
depression produced by magnesium ion 
may be reversed by calcium ion intra- 
venously. Exactly how calcium salt 
exerts this effect is not understood. The 
reversal is not a direct antagonism, but 
rather the resultant of a selective action 
these ions exert on various portions of 
the brain, each ion acting in a different 
area. However, calcium does not com- 
pletely protect or antagonize when mag- 
nesium levels are high. Either the chlo- 
ride or the gluconate of calcium may be 
used. The magnesium apparently exerts 
its effect at the central or nuclear por- 
tion of the neuron. 

Ma^esium also exerts an effect at 
the neuromuscular junction. An excess 
of magnesium ion produces a curare-like 
effect. Presumably the amount of trans- 
mitter substance liberated (acetyl cho- 
line) is decreased by the presence of an 
excess of the ion. Calcium likewise an- 
tagonizes the magnesium effect and re- 
stores the output of acetj’l choline. Both 
ions presumably influence, in an opposite 
manner, the release of acetyl choline 
from nerve endings. Cardiac automatic- 
ily is reduced somewhat by magnesium 
ion. 
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CiiLoniDE (Cl") Ion 
Distribution 

Chlorine is an abundant element es- 
sential to life. In tissues this element 
exists as an inorganic monovalent anion 
whose atomic weight is 3S. One milli- 
equivalent of chloride ion equals 35 mgm. 
per liter of fluid. The total body chloride 
of a normal man averages 33 m.Eq. per 
hgm. of body weight. Chloride is mainly 
an extracellular ion. However, this is not 
strictly so. Approximately 30% is found in 
the cells and in the connective tissues. 
The intake of chlorine is mainly dietary 
in the form of sodium chloride. Tlie in- 
take and output of chloride ion, therefore, 
is almost inseparable from that of so- 
dium. Both ions, acting together, are es- 
sential for the maintenance of water bal- 
ance, the osmotic relationships of blood 
and cells and the regulation of the hy- 
drogen ion concentration of blood. Chlo- 
ride ion readily diffuses into erythrocytes 
and muscle cells. Therefore, this ion is 
found in both the intra- and extracellular 
fluids. Diffusion into cells other than the 
erythrocytes also occurs but is insignifi- 
cant. In these cells the chloride is prob- 
ably associated with the protein. The 
concentrations of clrloride ion in plasma, 
lymph, and interstitial fluid are approxi- 
mately the same. The chloride content 
of erythrocytes is about half of that of 
plasma. In the cells, the ion is paired 
chiefly with potassium; in plasma with 
sodium. 

Blood Levels 

Whole blood, under fasting condi- 
tions, contains an average of 70 m.Eq. 
of chlorides per liter (between 450 and 
500 mgm. expressed as sodium cliloride 
per 100 ml.). The serum level is higher, 
the average values being 103 m.Eq. per 


liter (570 to 620 mgm. per 100 ml.). Con- 
centrations in whole blood vary with the 
cell volume which in turn is largely 
dependent upon the bicarbonate content 
of serum and tlie pH of blood. Chloride 
ion shifts from the plasma to erythro- 
cytes when blood liydrogen ion concen- 
tration increases and from the cell to 
the plasma when carbon dioxide is lost 
from blood (chloride shift), The decrease 
in chloride in the red cells is explained 
by the Donnan effect. The water content 
in the cell is decreased when carbon di- 
oxide is lost. 

The cerebrospinal fluid contains more 
chloride ion than plasma or other body 
fluids (124 m.Eq. per liter). 

Serum chlorides are decreased during? 
(1) starvation, (2) digestion, (3) changes 
in respiratory activity and (4) in various 
diseases. During starvation the decrease 
Is due primarily to reduced chloride In- 
take. Acidosis may also play a role. Dur- 
ing digestion the decrease is possibly due 
to the migration of chloride ion into the 
stomacli as hydrochloric acid is formed. 
A return to normal follows later. Tins is 
presumably due to reabsorption. During 
changes in respiratory activity carbon 
dio.xide retention occurs from rebreath- 
ing. Tliis causes a migration of chloride 
into tlie cell and a decrease in serum 
cliloride. In the initial stages of acute 
ano.xemia hyperventilation may occur 
which causes a loss of carbon dioxide. 
Tins in turn causes a reduction in serum 
bicarbonate, and a shift of chloride from 
cells to plasma. Hyperventilation with- 
out anoxemia causes similar changes. Tlie 
decreases in these cases are slight, how- 
ever, and average approximately 0.3 
in.Eq. to 1.0 m.Eq. per liter of serum. 

Pulmonary insufficiency may influence 
blood chloride levels profoundly if car- 
bon dioxide is retained. Emphysema is 



615 


Effects of Anesthesia Upon Body Fluids (Continued) 


usually associated with carbon dioxide 
retention and an increase in bicarbonate 
ion. The serum chlorides usually de- 
crease and may be as low as 70 m-Eq. 
per liter. Decreases in serum chloride 
ion are also seen in bums, shock, pneu- 
monia, and fevers. Serum chlorides are 
elevated in anemias of various types be- 
cause the red cell volume percentage 
(Iiematocrit) is decreased. Serum chlo- 
rides are reduced almost 50% in cases of 
excessive vomiting from pyloric and high 
intestinal obstruction. 

Chloride ion, of course, is lost ^vith 
some of the cations since it cannot be 
lost alone. Clinicians speak of depletion 
of chlorides or depletion of sodium as 
though only one ion were lost. An anion 
always is lost with a cation. Hydrogen 
ion is the anion usually lost along with 
chloride in protracted vomiting. In chlo- 
ride depletion the basic cations, mostly 
sodium and potassium, which remain in 
the blood are balanced by bicarbonate 
ion which forms from retained carbon 
dioxide. The blood pH rises, the carbon 
dioxide combining power is elevated, 
and the total blood carbon dioxide is in- 
creased. An alkalemia often referred to as 
hypochloremic alkalemia may result If 
the bicarbonate excess is not compen- 
sated for by loss of base through the kid- 
ney (see acid-base balance, this chapter). 
In Cushing’s disease, after the adminis- 
tration of excess ACTH or cortisone, po- 
tassium is lost with a resulting hjpochlo- 
remic alkalosis. 

Effects of Anesthesia 

Obviously, then, since senim chloride 
levels may vary as other factors vary, 
plasma chloride levels alone give little 
more than a clue as to what is going on 
in the electrolyte picture. During anes- 
thesia, some of these factors, particularly 


those concerned with respiration, may be 
disturbed. It is not surprising, therefore, 
that changes in blood chloride should 
occur during anesthesia. Determinations 
of chloride in blood must be correlated 
with data on total base content of blood 
and fluid volume for correct interpreta» 
tion. In many of the reports on the blood 
chlorides during anesthesia this correla- 
tion has not been made. Data of this 
sort, therefore, has very little meaning. 

Broxiixe and Tire Brohde (Br~) Ion 
Distribution 

Bromine is one of the four halogens. 
Bromine occurs in tissues in traces. It 
exists in the body largely as the bromide 
ion. The bromide ion is a monovalent 
anion whose atomic weight is 80. The 
exact role the element plays, if any, in 
the body is not known. Blood contains 
from 0.23 mgm. to 1.71 mgm. per 100 
ml. The element is of interest because 
the bromide ion present in excess causes 
depression of the central nervous sys- 
tem. Bromides are used in medicine as 
sedatives and hypnotics. Usually the 
sodium, potassium or ammonium salts 
are used. The absorption of these salts 
is rapid. The cells, with the exception of 
the erythrocytes, are as impermeable to 
bromide ion as they are to chloride. 
Bromide ion diffuses through the erythro- 
cyte in the same manner as does chlo- 
ride. Bromide ion may replace chloride 
ion in extracellular fluid. This substitu- 
tion does not appear to influence the 
function of the cells except nerve cells. 
Nerve cells apparently are sensitive to 
the substitution. As the concentration of 
bromides rises in the body fluids that of 
chloride falls proportionately, but the 
total concentration of Jjalogen ion in 
milliosmols remains constant. The sug- 
gestion has been made that tlie result- 
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ing decrease in cliloride ion causes the 
depression of the nerve cells. However, 
this is imlikely because decreases in 
chloride unassociated with the presence 
of bromide ion produce no depression. 
The nitrate ion may replace a large part 
of the chloride ion without any resultant 
depression. Apparently the pharmaco- 
logical action on the nervous system is 
a property of the bromide ion itself. 

Relationship to Chloride Ton 

The bromide ion is handled in tissues 
m the same manner as the chloride ion. 
Tissues and the excretory organs do not 
distinguish between the chloride and 
bromide ions. The total halogen in terms 
of milliequivalents is maintained at a 
constant level in serum. The ratio of 
chloride to bromide in tissues depends 
upon the intake of each ion. Bromide ion 
displaces chloride from body fiuids if 
injected in large amounts. Tlie ratio of 
chloride to bromide ion in e.xtracellular 
fluid equals the serum ratio. The ratio 
of the two ions in spinal fluid is less than 
in serum. 

Eliminalion 

Bromides, like chlorides, are elimi* 
naled by the kidney. The kidney main- 
tains a constant ratio of each halide ion 
in blood without considering whether it 
is chloride or a mixture of chloride and 
bromide. Bromides are eliminated slowly 
because the body attempts to maintain 
osmolarity and can only do so by re- 
taining the bromide ion along with chlo- 
ride to balance the cations. On a weight 
basis bromide ions are present in a rela- 
tively smaller concentration and, tliere- 
fore, a proportionately smaller amount 
is excreted. A high cliloride intake favors 
the elimination of bromide. If the con- 
centration of chloride ions is low, bro- 


mides are retained to maintain an equi- 
librium between the two ions. Bromides 
pass into sweat, tears, milk, and other 
secretions. 

loDiNC AKD Iodides 
Dhtrihution 

Iodine, one of the four halogens, is 
also an essential constituent of the body. 
Approximately 50 mgm. of iodine are 
contained in the entire body. Ten to 15 
mgm. of the total are in the thyroid 
gland. The daily intake is 200 gammas 
per day. Of this 20-70 y are excreted 
in the urine. Iodine eicists in two forms 
in the body, as an inorganic compound, 
probably the iodide ion, and as an organi- 
cally bound derivative. The organically 
bound iodine of plasma is concerned 
with thyroid function. The organic iodine 
probably represents tliat present in the 
protein and is probably of hormonal ori- 
gin. The usual normal values for total 
iodine are 5-15 micrograms per 100 ml. 
Low values are found in myxedema, cre- 
tinism, and endocrine disturbances in- 
volving failure of thyroid function. Ele- 
vated blood levels are found in thyroid 
disease due to over-activity. Eight to 18 
micro^ams (1 micrognun = 1 millionth 
of a gram) are normally present. Approxi- 
mately 2055 of the iodine in blood is in the 
inorganic fonn. The administration of 
iodine or iodides produces elevation in 
blood iodine in both normal and dis- 
eased individuals. The iodine concentra- 
tion varies with activity of the thyroid 
gland and metabolic rate. Tolerance to 
iodine is increased in hypertliyroidism 
and decreased after thj’roidectomy. 
The function of the thyroid gland may 
be determined by measuring uptake of 
radioactive iodine (131). Less than 20% 
uptake indicates hypofunction; SO'? by- 
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perfunction, while (i0% is considered 
normal uptake. 

Relationship to Anesthesia 

No significant relationships have been 
found between iodine levels and anes- 
thesia. Studies of blood iodine levels 
during and following ether anesthesia 
in rabbits have been performed, but con- 
flicting data have been obtained. Studies 
in man are lacking. There is to date little 
evidence that any profound change oc- 
curs. 

Phosphates 

Distribution 

Phosphorus is an essential element 
found in all the cells of the body. Four 
general types of phosphorous compounds 
exist in the body: (1) The inorganic 
forms. Salts of orlhophosphoric acid fall 
in this group. They form important an- 
ions in body fluids. (2) Esters of phos- 
phoric acid. These include hexose phos- 
phates and glucophosphates. About 80% 
of the total calcium is combined witli 
phosphorus in the bones and teeth. The 
remainder is found in various chemicals 
of the body. The importance of phospho- 
rous esters in the transfer of energy and 
in the absorption of carbohydrate and 
lipids has been mentioned elsewhere 
(Chap. 27). (3) Phospholipolds, Certain 
compounds are combined xvith lecithin, 
cephalin, sphingomyelin, and other lip- 
oids. (4) Nucleic odds. 

Organic esters are essential for main- 
tenance of blood phosphates, carbohy- 
drate metabolism, and as reserve stores 
of phosphorous. Pljosphatides are con- 
cerned almost entirely in fat metabolism 
and transport of fat in blood. A continual 
shifting and interchanging of phospho- 


rus occurs between inorganic and or- 
ganic forms. This shifting probably re- 
sults from variations in fat and carbo- 
hydrate metabolism and the loss of phos- 
phate due to the changes in hydrogen 
ion concentration of blood. The discus- 
sion in this chapter is concerned pri- 
marily ^vith the inorganic forms since 
they are instrumental in maintaining the 
neutrality of the blood. 

Inorganic Phosphates 
The inorganic phosphorus compounds 
(phosphates) are of chief interest to the 
anesthesiologist because they form 
anions in the electrolyte pattern of the 
blood which help maintain neutrality. 
These may be subject to variations in 
concentration as a result of anesthesia. 
The concentration of phosphorus as 
phosphates in blood averages 4 mgm. 
per 100 ml. in adults. The usual concen- 
tration is between 3 mgm. and 4ls mgm. 
(2.4 m.Eq. per liter). The concentration 
in children is slightly higher, between 
4 mgm. to 6 mgm. per 100 ml. (3.7 
m.Eq. per liter). The inorganic phos- 
phates exist in two forms: disodium hy- 
drogen phosphate (Na2HF04), which is 
alkaline; and monosodium dihydrogen 
phosphate (NaHzPO*), which is acid. The 
concentration of basic phosphate in 
serum is four times that of the acid phos- 
phate. Acids which pass into or form in 
the blood, particularly non-volatile acids, 
convert basic disodium hydrogen phos- 
phate to the acid phosphate. As the acid 
phosphate in serum increases the excess 
is eliminated by the kidneys. The total 
serum phosphate remains constant be- 
cause tlie body replenishes that which is 
lost from esters of organic phosphates. 
Thus, no change occurs in either the in- 
organic phosphate levels or the blood 
hydrogen ion concentration. 
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Blood Phosphate Levels 

Serum phosphate levels may increase 
as a result of increased carbohydrate 
metabolism. After an intravenous injec- 
tion of glucose, or a diet rich in carbo- 
hydrates, a rise in serum phosphate is 
observed. Epinephrine and insulin cause 
an increase of serum phosphate levels. 
Inorganic phosphates are believed to 
assist in the removal of glucose from 
blood in carbohydrate metabolism, prob- 
ably by the formation of hexose phos- 
phate ester. A decrease of serum phos- 
phates occurs during the absorption of 
some fats. The effects of serum phos- 
phates, serum calcium, and parathor- 
mone are interrelated. Parathormone 
causes an increase in the level of phos- 
phates indirectly as a secondary effect to 
the direct control it exerts upon calcium. 
An excess of parathormone causes an ele- 
vation of blood calcium and a lowering of 
the phosphate levels. A deflcierrcy of 
parathormone causes a decrease in serum 
calcium and an increase in inorganic 
phosphate levels. Pituitrin causes a rise 
in serum phosphorous. 

The ratio between serum calcium and 
serum inorganic phosphorus, since cal- 
cium is precipitated by phosphates, is a 
fixed numerical value. Tlie product of the 
concentrations of each element in mgm. 
per 100 ml. under normal circumstances 
ranges from 40 to 50. During the healing 
of fractures, senun inorganic phosphates 
are elevated. 

Phosphatase 

The esterification and hydrolysis of 
organic phosphate ester is aided by en- 
zymes known as phosphatases. These are 
necessary for satisfactory bone forma- 
tion. Two types are present, an acid and 
an alkaline phosphatase. Phosphatases 
cause a hydrolysis of organic phosphoric 


esters and liberate inorganic phosphates 
for bone formation. Tlie enzyme, thus, 
influences the regulation of inorganic 
phosphorous in the blood. The concen- 
tration of phosphatase in the blood is 
ejqpressed in units. Normal values range 
between 1 and 6 units in adults and be- 
tween 3% and 11 in children (Roberts 
method of analysis). Serum phosphatase 
increases in certain bone diseases, in ob- 
structive jaundice, and after high carbo- 
hydrate intake. Phosphatase levels in 
blood are influenced by hormones, par- 
ticularly those which affect carbohydrate 
metabolism. 

Effects of Anesthesia on Phosphorous 
Metabolism 

A fall in total inorganic phosphates in 
blood of both dogs and man during an- 
esthesia with ether, chloroform, and 
ethylene and other agents has been re- 
ported by early and recent workers. The 
suppression may persist for several hours 
after termination of anesthesia. Tlie 
phosphate content of muscle decreases 
during anesthesia but the liver accumu- 
lates more than is normally present. 

A decrease in excretion of urinary 
phosphate occurs during anesthesia. The 
excretion is increased in the recovery 
period. Recovery is characterized by sub- 
normal blood levels. Pancreatectomy in 
dogs inhibits changes in blood phos- 
phate levels. A decrease in serum phos- 
phate may occur during morphine 
narcosis. Fay and co-workers found in- 
organic phosphate levels during ether 
anesthesia in dogs to be inconsistent, 
hfarenzi and Gerschman found an in- 
crease in plasma phosphates during ether 
anesthesia. Magee reported an increase 
in rabbits. Greischeimer observed an in- 
crease in senim inorganic phosphate in 
dogs anesthetized with cyclopropane. 
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Apparently the inorganic phosphate con- 
tent is quite variable in blood. Anesthesia 
influences phosphate levels by altera- 
tions in carbohydrate and lipoid metab- 
olism or by the influence of liberation of 
hormones, such as epinephrine, which 
contributes to acidemia. As a matter of 
fact, tlie acidosis of ether anesthesia has 
been ascribed by Bourne to be due to a 
release of phosphoric acid into the blood. 

Lactic Acid 
Physiologic Importance 
Lactic acid is an aliphatic hydroxy 
acid. Structurally it is propionic acid 
with a hydrogen atom on the alpha 
carbon replaced by a hydroxyl group. 
CH, 

H-i— OH 
ioOH 

Lactic acid is physiologically important 
because it is intimately concerned with 
carbohydrate metabolism. Lactic acid 
possesses an asymmetric carbon atom 
and is, therefore, optically active. Dextro 
lactic acid is more active physiologically 
than the racemic, or levo. Dextro lactic 
acid occurs in nature. Lactic acid con- 
tains carbon, hydrogen, and oxygen, in 
the same proportions foimd in glucose. 
The acid is formed from the breakdo\vn 
of glucose through a number of compli- 
cated intermediary steps. Phosphoric 
acid is essential for the formation of 
lactic acid from carbohydrates. The 
transformation of glucose to lactic acid is 
an anerobic reaction which supplies en- 
ergy for muscle activity. Lactic add is 
reconverted to hexose by an aerobic re- 
action. 

Tlie whole blood of resting individuals 
contains anyxvhere from 10 to 20 mgm. 
of lactates, e.\pressed as lactic add, per 


100 ml. A slight increase of lactic acid 
may occur during the injection of carbo- 
hydrates. In severe exercise lactic acid 
concentration in blood may rise from 50 
mgm. to 60 mgm. per 100 ml. The acid 
which escapes from the muscle into the 
blood stream is reconverted into glyco- 
gen in the liver. Lactic acid exists in 
blood as lactate ion. The acid interacts 
with bicarbonate which is lost as carbon 
dioxide. 

Effects of Anoxia 

Anoxia is accompanied by a marked 
increase in blood lactates. Increases in 
lactic acid in blood cause metabolic 
acidosis if the lactate is not excreted or 
reconverted to glucose. Anoxemia and 
asphyxia reduce the available oxygen 
and prevent the oxidative recoveiy proc- 
ess which causes the conversion of lac- 
tates to glycogen. Therefore, lactates in- 
crease in the blood and tissues. In pul- 
monary diseases, such as pneumonia 
where there is oxygen deficiency, the 
lactic acid in blood is increased. In the 
early phase of acute anoxemia, hyper- 
ventilation may be present which causes 
a loss of carbon dioxide and a temporal^' 
alkalosis. This is soon followed by a 
metabolic acidosis due to increases in 
blood lactates. In cardiac disease, shock, 
hemorrhage, anemias, severe liver dis- 
ease, heat exhaustion, and heat stroke, 
the blood lactic acid is increased as a rule. 

Effects of Anesthesia on Blood Lactates 

Blood lactates are increased during 
general anesthesia, particularly if carbo- 
hydrate metabolism is disturbed. The 
lactic acid formation and the hypergly- 
cemia which follow ether anesthesia in- 
dicate that carbohydrate metabolism is 
disturbed. Chloroform anesthesia is also 
accompanied by a marked rise in blood 
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lactate. Nitrous oxide and ethylene an- 
esthesia without anoxemia cause slight 
rises in lactates. If anoxemia complicates 
anesthesia, regardless of the drugs used, 
arise in lactates occurs. 

Phatak, in studying the fate of lactates 
which accumulate in blood of rabbits 
during ether anesthesia, noted that in the 
recovery period lactate was utilized to 
replace depleted liver glycogen. During 
anesthesia the mechanisms of utilization 
of lactates do not operate and they ac- 
cumulate in the blood. Lactates injected 
by vein are utilized during recovery also. 
Sodium d-lactate is better utilized than 
the d-1 under these circumstances. Lactic 
acid is not appreciably increased in mor- 
phine anesthesia without anoxemia. 
Slight increases in blood lactic acid 
may also accompany cyclopropane anes- 
thesia. 

Sulphates 

Distribution 

Sulphur is present in all the cells of 
the body. Sulphur is important in tissue 


respiration (SH groups), in detoxification 
medianisms, and in high energy sulphur 
bonds. Sulphur may exist in tissues in 
two forms: organic and inorganic. Or- 
ganic sulphur containing compounds are 
usually present in the form of sulphuric 
acid esters of phenols. Tlie sulphur in the 
body is probably derived from amino 
acids containing the element. Cystine, 
and methionine are the two omino acids 
containing sulphur. Elemental sulphur 
and inorganic sulphur are not sources of 
body sulphur. 

Inorganic body sulphur occurs as tlie 
bivalent sulphate anion (SO*) and is part 
of the electrolyte pattern of the body. 
Serum contains approximately 0.7 mgm. 
to 1.3 mgm. of inorganic sulphates cal- 
culated in the form of free sulphur per 
100 ml. Sulphate content of whole blood 
is believed to be approximately twice this 
value. Sulphates are increased in ob- 
structive jaundice, diabetes, and in cer- 
tain liver and kidney diseases. No rela- 
tionship of sulphates to anesthesia has 
been established. 


EFFECT OF ANESTHESIA 

STRONG AND WEAK 
ACIDS AND BASES 
In any solution of electrolytes the 
positive charges on the cations must be 
balanced wtli the negative charges on 
the anions in order to maintain electrical 
neutrality. The cations, as has been men- 
tioned, are derived from metals and are, 
therefore, largely inorganic; the anions, 
on the other hand, are derived from both 
organic and inorganic acids. The ions 
which make up die bulk of the anion 
fraction are cldoride, phosphates, bicar- 
bonate, lactate, sulphate, proteinate, and 
hemogiobinate. These anions are derived 
from both strong and weak acids. The 


ON ACID-BASE BALANCE 

cations on the whole are derived from 
strong bases. A salt derived from a strong 
base and strong acid, that is an acid and 
a base each of which are highly ionized, 
forms an aqueous solution which is neu- 
tral to indicators. Solutions of salts de- 
rived from strong bases and weak acids 
arc usually not neutral. Tlie salt is highly 
ionized. However, the influence of tlie 
ioiK of water (Irydrolysis) tends to form, 
a weak unionized acid and a strong base 
therefore predominates in the solution. 
Since the weak acid does not ionize to 
die same extent as the strong base the 
solution tends to have an excess of hy- 
droxyl ions. Such a solution reacts basi- 
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caJly to indicators. The following reacb’on 
illustrates the mechanism by which this 
hydrolysis comes about: 

NaHCOj-»Xo+ + HCOa- 


NaOH KjCOj 

By the same mechanism a strong acid 
and a weak base form salts wliich are 
acid to indicators. The electrolytes in 
body fluids are chiefly of salts of weak 
acids and strong bases and are, there- 
fore, due to the aforementioned effects 
of hydrol)'sis, alkaline. They have a pH 
greater than 7. This situation exists in 
blood. Blood is always slightly alkaline. 

Acms IN Blood 

Many end products of cellular metab- 
olism are acids. The acids are either non- 
volatile (fixed acids) or volatile. Hydro- 
gen ion, therefore, is constantly being 
added to blood. With the exception of 
the small amounts lost in sweat and 
through the gastrointestinal tract, most 
acidic products formed during metabo- 
lism are eliminated by the lungs and by 
the kidney. The lung can only eliminate 
volatile acids while the kidney eliminates 
the non-volatile. The kidney, however, 
can eliminate both. The most abundant 
volatile acid and the one which is form- 
ing continuously is carbonic acid, since 
this results from the solution of carbon 
dioxide in plasma. Besides carbonic acid, 
phosphoric, sulphuric, lactic, and traces 
of numerus, less important ones, are 
formed during metabolic activity. 

BXJFFER PAIRS 

Tlie concentration of hydrogen ion in 
blood remains remarkably constant in 
spite of the fact that acids are being 
formed and are added continuously to 
the blood. An increase results in serious 


symptoms. A pH below 6.8 is not com- 
patible with life. The mechanism wliich 
permits maintenance of a hydrogen ion 
concentration in a solution at a constant 
level is knowm as the “buffer” mecha- 
nism. The hydrogen ion combines with 
a chemical substance and is thereby re- 
moved from the sphere of activity. Sub- 
stances which act as buffers and are 
capable of suppressing hydrogen ion 
concentration generally act in pairs. 
They are, therefore, termed “buffer 
pairs.” Three general types of buffer 
pairs are present in blood. These are: 

(1) A salt derived from a strong base and 
a weak acid, which is paired with a weak 
acid. Sodium acetate would represent 
such a salt and acetic acid such an acid. 

(2) A salt of a weak base and a strong 
acid paired with a weak base. Am- 
monium sulphate would represent such 
a salt and ammonium hydroxide such a 
base. (3) An acid salt of a polybasic acid 
paired with a basic salt of a polybasic 
acid. Phosphoric acid is a polybasic acid 
and forms several salts among which are 
monosodium hydrogen phosphate and 
disodium hydrogen phosphate. Mono- 
sodium hydrogen pliospjiate uxmld rep- 
resent the acid salt while disodium hy- 
drogen phospliate would represent the 
basic. These two salts are paired in blood. 
Tiie salt in a buffer pair is usually highly 
ionized. The other member of the pair 
whether it be an add or a base is weak 
and, therefore, poorly ionized. 

Buffer pairs in blood and body fluids 
are cliiefly sails derived from strong 
bases and weak acids paired with weak 
acids. Tlie acid resulting from the hy- 
drolysis of the salt suppresses the ioniza- 
tion of the free acid constituting the 
other member of the buffer pair. The 
undissociated molecules of acid do not 
release hydrogen ions and, therefore, do 
not impart acidity. An acid is an acid 
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only when it yields hydrogen ions in an 
aqueous solution. 

Two general rules may be applied to 
the action of buffers: (1) The hydrogen 
ion concentration in a buffered solution 
is proportional to the ratio of the free 
buffer acid and the free buffer base or 
, , [HA] 

In this case, H equals the concentration 
of hydrogen ion, HA the concentration 
of a weak acid, BA the concentration of 
salt of that acid, and Ki the dissociation 
constant of the acid. (2) A given buffer is 
most efficient in maintaining a constant 
hydrogen ion concentration when the 
members of the buffer pairs are present 
in equal concentration. In the case of the 
buffers In blood, tl>e acid concentration 
nowhere approaches equality with con* 
centration of the salt. 

BUFFERS IN BLOOD 

Five buffer pairs are prominent hi tis- 
sues and blood: bicarbonate-carbonic 
acid, 

HiCQj 
NatlCOs ’ 

basic phosphate-acid phosphate, 
NaH,PO< 

Na2HPO< ’ 

basic hemoglobin-free hemoglobin, 

HbO 
BHbO ’ 

basic oxyhemoglobin-oxyhemoglobin, 
HbO^ 

BHbOi’ 
and proteinate-protein, 

H protein 
B protein 

The basic ion of the salt is indicated by 


the letter 33 which signifies any cation 
{K, Na, Ca or Mg) of the total base of 
blood or tissues. Each pair has its own 
optimum pH at which it is most efficient. 
Seram proteins are most efficient as buf- 
fers at the normal pH of blood. How- 
ever, they contribute only a minor effort 
to tlie total blood buffer action. Tlie 
phosphates are also most efficient at tlie 
pH of the blood. Their concentration in 
the blood, relatively speaking, is low so 
that they too add little to the entire buf- 
fer action. Bicarbonates are the most 
abundant of the buffers but they operate 
at pH below 7.0. They, therefore, are 
inefficient at the pH of blood and, there- 
fore, contribute little to the buffer action 
until serious acidemia ensues. They may, 
therefore, be considered the last line of 
defense. The ratio of bicarbonate to car- 
bonic acid is about 20/1 at the pH of 7.4. 
The bicarbonate buffer pair does not be- 
come efficient until the pH approaches 
6 . 8 . 

The chief buffer in tlie blood is tlie 
basic hemoglobin-hemoglobin pair. Both 
osyhemoglobin and reduced hemoglobin 
are weak acids which combine with in- 
tracellular potassium. 

CARBON DIOXIDE TRANSPORT 
CimoRiDE Sinrr 

As arterial blood passes into the capil- 
laries the oxygen is released and passes 
into the cells. Carbon dioxide diffuses 
from the cells into the plasma and thence 
into the red cell where it is converted to 
carbonic acid. The hydrogen ion released 
from the carbonic acid combines with 
the hemoglobinates to release free hemo- 
globin which is acidic and potassium 
ion. Tlje bicarbonate ion becomes con- 
centrated in the cell causing a gradient 
to be established between tlie cell and 
plasma. Tlierefore, it diffuses into the 
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plasma. Chloride then diffuses into the 
cell to replace the bicarbonate ion in 
order to maintain the electrical balance. 
This shift of anions is kno\vn as the 
chloride shift (Hamburger’s phenom- 
enon). In the lung the reverse situation 
is encountered. Tlie increased oxygen 
tension in the cells causes oxyhemo- 
globin to form. This is a stronger acid 
than free reduced hemoglobin and re- 
leases carbonic acid from the bicarbonate 
ion. This passes from the cell to the 
blood. The hemoglobin then pairs off 
with the potassium and releases the 
cliloride in the cell. The chloride is then 
in excess in the cell and is able to shift 
into plasma. The bicarbonate is present 
in greater concentration in the plasma 
since the intracellular bicarbonates have 
been converted to carbonic acid and 
have left the cell. It therefore shifts from 
serum into the cell where it too forms 
carbonic acid. In the lung carbon dioxide 
is then released from the resulting car- 
bonic acid and escapes from the erythro- 
cyte into the plasma and the alveoli. 
The formation of carbonic acid in the 
red cell in tissue capillaries from carbon 
dioxide and water is catalyzed by an 
enzyme called carbonic anhydrase. This 
enzyme increases the velocity of the re- 
action at least a thousand times. The 
reaction can go on without tlie enzyme 
but it does so at a very slow rale. In the 
lungs the carbonic anliydrase catalyzes 
the breakdown of carbonic acid to car- 
bon dioxide and water. 

Caiuuace as Bicarbonate 

Carbon dioxide, therefore, is carried 
from tissues to the lung in plasma in the 
form of the bicarbonate ion. This bi- 
carbonate ion is balanced by the cations 
of the plasma which are mainly sodium. 
The hydrogen ion, which is added to 


blood by formation of carbonic acid, 
passes into the erythrocyte which carries 
it in the form of reduced hemoglobin. 
Reduced hemoglobin is a weak, poorly 
ionized acid whose ionization is further 
suppressed by the potassium hemoglo- 
binate normally in the cell. The mem- 
brane of the red cell is impermeable to 
cations normally present in plasma (sodi- 
um and calcium). Hydrogen ion is the 
only cation which passes in and out of the 
membrane easily. Bicarbonate and clilor- 
ide ion concentrations in the plasma are 
in reverse ratio to each other. 

Carbamino Compounds 

Hemoglobin is capable of combining 
with carbonic acid directly by virtue of 
the amino groups in the protein of the 
hemoglobin to form a carbamino com- 
pound. This compound is a neutral, un- 
stable substance which is readily decom- 
posed and releases carbon dioxide as it 
passes through the pulmonary capil- 
laries. Approximately 20% of the total 
blood carbon dioxide is carried as the 
carbamino compound. The combination 
of carbon dioxide with hemoglobin oc- 
curs rapidly and is probably complete in 
less than a thousandth of a second. 

ROLE OF THE KIDNEY IN THE 
ELIMINATION OF ACIDS 

Non-volatile acids, such as lactic, phos- 
phoric, acetoacetic and so on, if added 
to blood, are immediately buffered by 
one of the aforementioned buffer pairs. 
They usually react \rith disodium hydro- 
gen phosphate to form monosodium di- 
hydrogen phosphate which is excreted 
by the kidney. The kidney, therefore, 
eliminates non-volatile acids as an anion 
combined with a cation. The lactate ion 
persists in blood until excreted by the 
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kidney or it is converted to glycogen 
the liver. 

The kidney attempts to conserve base. 
Wlren fixed acids accumulate at a rapid 
rate and the loss of excessive base is 
imminent, the kidney forms ammonia 
which neutralizes the acid to form am- 
monium salts. Tliese salts are excreted 
by the kidney. The blood and tissue base 
is maintained in a steady state until acid 
production becomes so great that this 
mechanism of conservation fails. 

Normal Blood pH 

The pH of blood remains remarkably 
constant even though large amounts of 
acids are being formed and added to 
blood continually. The normal serum pH 
ranges between 7.35 and 7.45. The pH 
of serum is slightly higher than that of 
whole blood because the cells, which are 
more acid, are removed. Blood pH Is 
lowest early in the morning and increases 
progressively until late in the evening. 
This change, however, is slight varying 
from .01 to .05 pH units and clinically 
insignificant. Exercise, exertion, and 
other physiological factors may cause a 
slight increase in blood pH. Venous 
blood is slightly more acid than arterial 
blood (0 02 pH units). 

BLOOD CARBON DIOXIDE CONTENT 
The term total carbon dioxide content 
of blood refers to the amount of carbon 
dioxide which can be liberated from 100 
ml. of whole blood collected anaerobical- 
ly when treated with an acid. The quan- 
tity normally varies from 55 to 75 vol- 
umes per cent. Arterial blood contains 
appro.ximately 5 volumes per cent less 
than venous blood. The total carbon di- 
oxide content of whole blood is a com- 
posite of (1) the dissolved carbon dioxide, 
(2) the carbon dioxide present as car- 


bonic acid, (3) the carbon dioxide com- 
bined with base as bicarbonate, and (4) 
carbon dioxide combined with protein 
as carbamino compound. Carbon dioxide 
content represents the amount of carbon 
dioxide present in a free or combined 
state at a particular moment in a vessel. 
Carbon dioxide content must not be con- 
fused with carbon dio.xide combining 
power which is an entirely different con- 
cept. Combining power is a measure of 
the potential tlie plasma possesses to 
form bicarbonates from the base present. 
Combining power is determined by ex- 
posing serum to an atmosphere contain- 
ing 5S carbon dioxide (the concentra- 
tion of alveolar air). The serum is then 
treated with an acid and the volume of 
carbon dioxide liberated is collected and 
expressed in volumes per cent. The total 
carbon dioxide content at a given mo- 
ment in volumes per cent could conceiv- 
ably be, say for example, 20 volumes per 
cent. This is far below normal. Such a 
situation could develop by hyperventila- 
tion during which the carbon dioxide Is 
removed at a more rapid rate tlian nor- 
mal The total base during hyperventila- 
tion remains unchanged but is electrical- 
ly offset by chlorides and other anions 
Instead of bicarbonate. The combining 
power, theielDiB, Tcmains the same and 
would be normal (55-60 volumes per 
cent). The plasma bicarbonates not only 
transport the carbon dioxide from cells 
to lung but act, together, with free car- 
bonic acid as a buffer pair. The bicarbo- 
nate ion is present in large concentra- 
tions in plasma because it serves as the 
chief means of transferring carbon di- 
o.Yide from the tissues to the lungs. 

ACIDOSIS AND ALKALOSIS 
Tlie ratio behveen serum bicarbonates 
and free carbonic acid tends to remain 
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constant. A lowered serum bicarbonate 
level in the face of an unchanged acid 
content is soon followed by a decrease 
in blood pH because hydrogen ions are 
not adequately suppressed by buffering. 
An acidemia or acidosis results. An in- 
crease in bicarbonales without an in- 
crease in acid suppresses hydrogen ion 
and causes alkalemia or alkalosis. Alka- 
losis means an increase in the alkalinity 
of the blood or a decrease in the hydro- 
gen ion-base ratioi acidosis refers to an 
increase in the acidity or a decrease of 
the base-acid ratio. The terms are some- 
times used to indicate decreases or in- 
creases of total base. This causes con- 
fusion because base may either be in- 
creased or decreased \vith appreciable 
change in hydrogen ion concentration. 
The term acidosis indicates that hydro- 
gen ions have increased and alkalosis 
that hydrogen ions have decreased in 
relation to total base and that as a result 
the pH has shifted. The balance between 
buffer base and free acid in blood and 
tissues is referred to as acid base bal- 
ance. 

pCOi, pH and Carbon Dioxide 
Content 

In studying the acid base balance of 
blood data concerning three factors must 
be supplied to provide the necessary in- 
formation. These are the plasma pH, the 
bicarbonate ion concentration, and car- 
bon dioxide tension. If any two of these 
are known, the third may be calculated 
by using the Henderson-Hasselbalch 
equation 

/ BHCOA 

The blood carbon dioxide tension, often 
referred to as pCO*, is an important de- 
termination from an anesthetic point of 
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view since it offers a clue to the efficacy 
of pulmonary ventilation and gaseous 
exchange. This may be computed from 
the blood pH and the total carbon di- 
o.xide content of whole blood. It is note- 
worthy that an error of 0.01 pH units in 
this computation may result in an error 
of 10 mm. Hg CO 2 tension. Normally the 
arterial pCOz is 40 mm. Hg; the venous 
is 46 mm. Hg. The alveolar pCOi equals 
that of the arterial blood. Alveolar CO 2 
may be measured by determining the 
COs tension in a sample of air taken at 
the end of expiration. This is referred to 
as end expired COs. If distribution of 
gases and perfusion of the alveoli are 
normal it closely reflects arterial pCOs. 
Anything which retards passage of car- 
bon dioxide into the alveoli would in- 
troduce an error in the results. Generally 
an increase in COa tension indicates in- 
adequate pulmonary ventilation. In clini- 
cal studies, the carbon dioxide combin- 
ing porver, often referred to as the alkali 
reserve, is used as an index of the state 
of the acid-base balance. 

Acmosis 

The accumulation of any acid in the 
blood in large quantities disrupts the 
buffering mechanism and results in aci- 
dosis. Acids which form in the body are 
of two types, volatile or gaseous and 
non-volatile or fixed. Retention of carbon 
dioxide causes carbonic acid to form and 
be retained and results in a gaseous or 
respiratory acidosis. Base is retained to 
form more bicarbonate ion to buffer the 
retained carbon dioxide. Sooner or later 
if carbon dioxide continues to be re- 
tained the buffering mecham'sms fail and 
the pH shifts towards the acid side of 
normal. Fixed acids form during me- 
tabolism. These include lactic, phos- 
phoric and others. Normally the kidney 
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excretes these as moeosedium acid 
pliates or salts of ammonia in order to 
conserve base. When lliey form in large 
quantities they combine witli and de- 
plete base giving rise to metabolic aci- 
dosis. Should the base increase in pro- 
portion to the acid, so that pH does not 
change, the acidosis is referred to as com- 
pensated. Should the acid fall in propor- 
tion to the base so pH does not change 
the acidosis likewise is compensated. 
Should base increase and acid is re- 
tained to offset the increase so pH does 
not change the alkalosis is referred to as 
compensated alkalosis. Should the base 
increase out of proportion to acid, the 
pH rises and an uncompensated alka- 
losis results. Should .acid increase out of 
proportion to base the pH falls and the 
acidosis is uncompensated. 

Compensation of Acroosrs and 
Alkalosis 

The relationships of the carbon diox- 
ide tension to total carbon dioxide con- 
tent have been described graphically by 


Van Slyke (Fig. 1.29). The abscissa rep- 
resents the CO 2 tension in mm. Ilg pres- 
sure and Uie ordinate the total COj con- 
tent in volumes per cent. Tlie ratio repre- 
sents the pH according to the Hender- 
son-Hasselbalch equation. A given point 
on the graph represents a definite ratio 
between H:CO» and base-bicarbonate. 
A line drawn from the origin (zero) 
through such a point represents varia- 
tion of total amounts in the same ratio. 
Since tlie ratio represents pH, any straight 
line through the origin and a given point 
will represent the same pH. Van Slyke 
drew four such lines representing pH; 
one for 7.3 and one for 7.4, which rep- 
resent ratios of buffer systems within 
normal limits and one for 7.0 and the 
other for 7.8 representing limits com- 
patible with b'/e. The lines representing 
the COj dissociation are curved. These 
curved lines intersect the straight lines 
representing pH giving rise to nine areas. 
TI»e term compensated was used by Van 
Slyke for any change in the buffer system 
in which pH remains normal and «n- 
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compensated for conditions outside this 
range. A line near tiie abscissa indicates 
CO 2 present as H2C03. The nine areas 
are described in Figure 1.29. 

The carbon dioxide combining power 
of adults ranges from 50 to 75 volumes 
per cent. The figure is somewhat lower 
for infants. A low combining power 
merely indicates a low reserve of alkali 
available to pair off with bicarbonate ion 
or to combine with carbonic acid. The 
total base in blood may be normal or 
even increased even though the car- 
bon dioxide combining power is below 
normal because it is paired off wth an 
anion derived from a non-volatile acid or 
combined with another acid. Therefore, 
it is not available to combine with car- 
bon dioxide. The base is not revealed in 
the test even though it is present in the 
serum being analyzed. A deficit of base 
available to combine with carbon dioxide 
may be offset by a decrease in blood car- 
bon dioxide tension so that no alteration 
in the pH occurs. A combining power be- 
low 20 volumes per cent is serious be- 
cause at this level compensatory mecha- 
nisms are so deranged that a fall in pH 
is inevitable. Blood pH determinations 
are necessary for a precise appraisal of 
the status of the acid-base balance when 
combining power values are below 20 or 
above 80 volumes per cent. 

Carbonic acid is a weak, volatile acid, 
which is easily converted to carbon di- 
oxide and water. Therefore, it is elim- 
inated via the lungs. When non-volatile 
acids, such as sulphuric or lactic, are in- 
fused into blood, the bicarbonates of 
plasma react to form sulphates, lactates 
and other anions and free carbonic acid. 
The carbon dioxide liberated from the 
carbonic acid in turn stimulates respira- 
tion, which in turn increases ventilation 
or facilitates elimination. Thus, the hy- 


drogen ion added to the blood by tihe 
non-volatile acid is lost as the x’olatile 
acid, carbon dioxide. Thus, no acid 
stronger than carbonic may exist in the 
plasma. However, when a non-volatile 
acid is added to blood, the am'ons which 
form are balanced with the cations de- 
rived from the blood alkali. This base is 
no longer available for combination with 
carbon dioxide. Excessive formation of 
fixed acids causes renal excretion of base 
in an attempt to eliminate excess anions. 
The total base and the alkali reserve are 
both depleted. The combining power is 
decreased and acidosis results when the 
buffering mechanism no longer compen- 
sates for the addition of acid. 

ACID-BASE BALANCE AND 
ANESTHESU 

The acid-base balance may be dis- 
turbed during anesthesia. All the kno\vn 
anesthetics and narcotics decrease the 
sensitivity of the respiratory center to 
carbon dioxide. This, in turn, causes de- 
creases in ventilation which, as a rule, 
are accompanied by varying degrees of 
anoxia or carbon dioxide retention or 
both. Both are disturbing influences to 
the acid-base balance. The carbon di- 
oxide retention results in respiratory aci- 
dosis; the anoxia may lead to accumula- 
tion of non-volatile acids. Besides the 
diminished ventilation from central de- 
pression, airway obstruction due to se- 
cretions, faulty apparatus, and other 
technical difficulties cause carbon dioxide 
retention. Metabolic disturbances may 
cause the release of fixed acids. These 
combine witli and deplete the base. Im- 
paired renal function may accompany 
anesthesia, which in turn interferes with 
the elimination of these acids which ef- 
fects the composition of tlie blood. Dis- 
turbances in liver function may further 
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contribute to changes in acid-base bal- 
ance, since tlie liver is intimately con- 
cerned \vith carbohydrate metabolism, 
which in turn is associated with release 
of phosphoric acids. The lactates also 
are converted to glycogen by the liver. 
Tlie inability to convert lactates to gly- 
cogen results in their accumulation and 
depiction of base. Thus, it is obvious that 
many variables must be considered in 
studying the effects of anesthetics upon 
the acid-base balance. Tlie failure to 
consider these variable factors Is no 
doubt responsible for much of the con- 
flicting data regarding this subject. 

Tlie bulk of the evidence indicates that 
some degree of respiratory acidosis may 
be anticipated with all general anes- 
thesia, particularly when basal narcotic 
doses of non-volatile hypnotics and nar- 
cotics are used in combination with vola- 
tile anesthetics. Alveolar carbon dioxide 
concentrations ranging between 5.6 to 
SOS have been reported during general 
anesthesia. The hypercarbia persists in 
varying degrees for hours in long opera- 
tions. Respiratory acidosis, once it oc- 
curs, is not quickly corrected. Farbi and 
Rahn have observed that sudden de- 
creases in ventilation do not cause an 
abrupt rise in carbon dioxide tension. 
Instead, the changes in composition of 
alveolar gases is exponential with time. 
In their studies the half-way changes 
from one steady slate to the next re- 
quired approximately 4 minutes. It has 
been observed in cases in which alveolar 
tension rose to four times above nonnal 
as a result of decreased ventilation that 
as many as six minutes may be required 
to reduce the tension to normal if hyper- 
ventilation is commenced. Hyperventila- 
tion does not cause a prompt return to 
normal tensions, Tlie reason for this lag 
is due to the fact that carbon dioxide is, 
relatively speaking, quite soluble in 


water and is thus stored in the tissues 
before its accumulation becomes ap- 
parent. Carbon dioxide differs from oxy- 
gen in this respect. Alveolar oxygen 
tension is altered quickly in oxygen dep- 
rivation. Tlie anoxemia produced is 
corrected in a matter of seconds when 
oxygen is supplied, 

EFFECTS OF RESPIRATORY ACIDOSIS 
The effects of respiratory acidosis are 
difficult to access. Long term effects are 
ill-deiined. It is difficult not to conclude 
that the effects are not serious when one 
considers how frequently it develops 
and persists without apparent ill-effects. 
The effects are probably obscured by 
the metabolic effects of stress during 
operation. Sudden reversal of hyper- 
capnia may lead to hypotension. This 
has been observed after cyclopropane 
anesthesia. However, it may occur with 
any drug which leads to hypercapnia. 
Tlie signs of hypercapnia during anes- 
thesia are variable and depend upon the 
degrees of retention of carbon dioxide 
and the susceptibility of the individual 
patient to the gas. This factor varies 
widely from subject to subject. 

Potassium and Acidosis 
Electrolyte shifts have been ascribed 
to respiratory acidosis. During acidosis 
K* and H* shift from the cell and Na* 
diffuses inward. The mean plasma po- 
tassium rises as the administration of 
anesthesia is continued. Changes in po- 
tassium in anesthesia uncompfleated by 
acidosis are small, however. During 
respiratory acidosis the myocardium 
takes up K* which it releases later when 
tlie acidosis is corrected. The extracellu- 
lar sodium, potassium and bicarbonate 
ions increase. Sodium chloride and bicar- 
bonate ions increase in the red blood 
cell. Carbon dioxide excess stimulates 
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the sympathico-adrenal system. The K* 
is therefore released from the liver by 

(1) the sympathico-adrenal activation 
and its resultant glycogenolysis also and 

(2) by the elevation of blood pH which 
causes a migration of K* from the cell to 
blood. The K* excess has been impli- 
cated in sudden cardiac arrest. The dis- 
turbance in carbohydrate metabolism 
which has been reported during respira- 
tory acidosis are similar to those occur- 
ring during ether anesthesia. 

METABOLIC ACIDOSIS AND 
ANESTHESIA 

Much data concerning metabolic aci- 
dosis during anesthesia are available. 
Data on acidosis during ether anesthesia 
are conflicting, however, the bull: of the 
evidence indicates that metabolic acido- 
sis accompanies ether anesthesia. A defi- 
nite and pronounced reduction in serum 
and blood bicarbonates accompanies 
both ether and chloroform anesthesia in 
both man and experimental animals. The 
pH is lowered. The severity of the acido- 
sis varies with the depth and duration of 
anesthesia. An increase in hydrogen ion 
concentration and carbon dioxide ten- 
sion occurs which suggests that bicar- 
bonate is displaced from combination 
with base by non-volatile acids. The bio- 
chemical changes appear within the first 
few minutes of anesthesia and persist for 
varying periods of time after termination 
of anesthesia. The effects are more pro- 
nounced with chloroform. In operated 
man 24 hours or more may be necessary 
for the combining power to return to 
pre-operative levels following ether anes- 
thesia. Bourne and his associates sug- 
gested the accumulation of organic phos- 
phate, presumably tlie result of dis- 
turbed carbohydrate metabolism, was 
the cause of the reduced combining 
power. Ronzoni and Root noted in- 


creases in lactate and pyruvate and a 
lowering of serum bicarbonate during 
ether anesthesia. Root and co-workers 
found no significant changes in serum 
sodium and serum chloride in dogs an- 
esthetized with ether for one hoim. The 
carbon dioxide capacity was reduced 
(4.8 m.Eq. to 6.6 m.Eq.) and serum lac- 
tate was increased. The increase in lac- 
tate was in proportion to the lowering of 
bicarbonate. The impaired carbohydrate 
metabolism is associated with the release 
of epinephrine and norepinephrine 
which occurs during ether anesthesia. 
The metabolic acidosis of ether anes- 
thesia is transient and of no serious con- 
sequence ordinarily. An existing acidosis 
of the type found in diabetes, renal fail- 
ure, dehydration or in chronic respiratory 
acidotic states associated with pulmon- 
ary disease might be aggravated by such 
a change. 

Nitrous Oxide and Ethylene 

A slight change in carbon dioxide 
combining power and serum pH is noted 
during nitrous oxide and ethylene anes- 
thesia, if it is uncomplicated by anoxe- 
mia. Anesthesia, of course, is in no way 
as profound as it is wth ether or chloro- 
form. 

Cyclopropane 

Reports on the effects of cyclopropane 
vary. Seevers, Fay, Neff and co-workers 
reported slight changes in plasma pH, an 
increase in carbon dioxide tension and 
an elevation of serum bicarbonate in 
man. These workers believe acidosis dur- 
ing cyclopropane is of the “gaseous” type 
and is due to rebreathing of carbon di- 
oxide from the “dead spaces” of the an- 
esthesia apparatus. 

The changes in acid-base balance dur- 
ing cyclopropane anesthesia are largely 
those resulting from an increase in car- 



630 


Chemistry and Physics of Anesthesia 


bon dioxide tension due to diminished or 
inadequate ventilation. 

Non-volatile Drugs 

During basal narcosis with tribro- 
methanol a reduction of serum bicarbon- 
ate and an increase of hydrogen ion con- 
centration is noted. Similar changes ac- 
company paraldehyde, morphine, and 
barbiturate anesthesia. The severity of 
the acidosis accompanying the use of the 
latter, non-volatile daigs varies with the 
degree of narcosis present. Amytal, pen- 
tobarbital, and secobarbital cause a de- 
crease of serum pH when used in 
amounts sufficient to produce deep h)'p- 
nosis or surgical anesthesia. Changes us- 
ing thiopental are slight unless respira- 
tory depression is severe. Morphine an- 
esthesia (Bakieten and others) produces 
a “gaseous” acidosis in dogs. Serum pH 
is lowered, carbon dioxide tension is ele- 
vated, and carbon dioxide combining 
power is reduced. Serum total base, 
chlorides, and fixed acids (lactic) do not 
change. If, during anesthesia using these 
non-volatile drugs, the depression of res- 
piration is slight or only sedative doses 
are used, the results are inconsistent and 
aeidosis, ou tbe v;bole, is slight us absent. 

Spinal and Local Anesthesia 

Uncomplicated spinal anesthesia is 
followed by slight or no changes in acid- 
base balance. If anesthesia extends to 
the upper thoracic dermatomes and is 
accompanied by circulatory and respira- 
tory depression, anoxemia or carbon di- 
oxide retention, disturbances in acid- 
base balance do occur. Local and nerve 
block anesthesia is accompanied by in- 
significant or no change of acid-base bal- 
ance. 

Anoxia 

Anoxia, irrespective of the cause, pro- 


foundly upsets acid-base balance. Fixed 
acids, particularly lactic, are liberated. A 
fall in serum pH, a decrease in serum bi- 
carbonate and an increase in lactate are 
the changes visually obserx’ed. Presum- 
ably these changes are due to disturb- 
ances in carbohydrate metabolism since 
lactic acid accumulates because oxygen 
necessary for conversion to glycogen is 
not available. The acid displaces car- 
bonic acid from the blood and lowers 
serum bicarbonate and carbon dioxide 
combining power. Asphyxia is accom- 
panied by botli anoxia and a retention of 
carbon dioxide. It, therefore, further in- 
creases the acidosis by superimposing a 
metabolic one or a respiratory one. 

Recently a new therapeutic agent 
kmown as THAM (2'hydro.xy methyl 2 
amino, 1,3 propandiol) has been intro- 
duced as a therapeutic agent to correct 
respiratory acidosis. Tlie agent combines 
with carbon dioxide and is excreted into 
the urine. 

Hstpothermia 

At lower temperatures, the solubility 
of carbon dioxide in plasma is increased. 
It was thought for some time that this 
would lead to acidosis if steps were not 
taken to reduce the tension in blood. 
However, other changes occur simulta- 
neously with temperature reduction. Ad- 
ditional base becomes available for com- 
bination with carbon dioxide. Presuma- 
bly most of this comes from decreased 
ionization of proteins at the lower tem- 
perature. As a result the pCOj-pH rela- 
tionships differ little at 37°C. and 25°C. 

Errors in studies of acid base balance 
have been introduced by failure to make 
appropriate temperature corrections in 
methods of determining carbon dioxide 
tensions and pH. The decreasing of va- 
por pressure of water with decreasing 
temperatures must be taken into account 
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in computations. The change in the pH 
for COj is +0.005 units per degree re- 
duction in temperature. Blood pH meas- 
sured at the temperature of the glass 
electrode used in the determination may 
be converted to body temperature by 
considering the fact that its pH rises 
0.0147 units per ®C. decrease below 
37°C. One additional factor to be con- 
sidered is that the dissociation constant 
of water decreases with temperature. 
The point of the neutrality on the pH 
scale is 7.00 at 25°C. and 6.80 at 37°C. 
and 7.5 at 0°C. Unless metabolic acidosis 
develops it appears unlikely that a 
marked reduction in carbon dioxide ten- 
sion during anesthesia is of such dire im- 
portance. 

KETONE BODY FORMATION 
AND ACIDOSIS 

Ketone body formation accompanies 
ether, chloroform, and other tj'pes of an- 
esthesia. However, these appear after 
the anesthesia has been in progress for 
some time. They add to the acidosis in a 
small way but are not responsible for it. 

CONVULSIONS DURING ANESTHESIA 
AND ACID-BASE BALANCE 

One group of complications of clinical 
anesthesia which may be linked to 
changes in acid-base balance and acido- 
sis are the so-called “ether convulsions.” 
Many papers have been written about 
this subject but little light has been shed 
on its etiology. There is some evidence 
that acidosis may play a role. Data by 
Seevers, Cassels, and Becker suggest 
there are several causative agents and 
these acting together produce the cere- 
bral irritability required for the muscle 
spasms and convailsions. In experiments 
on rats and dogs con\'ulsions or muscle 
twitchings were obser\’ed most fre- 
quently when pyrexia, carbon dioxide 
excess (l(y? or more inhaled) and ether 


anesthesia were present all at the same 
time. The data support the contention 
that pyrexia and factors which induce a 
“metabolic” acidosis in the anesthetized 
subject increase irritability of the nerv- 
ous system and that a “gaseous” or res- 
pirator)' acidosis superimposed upon the 
“metabolic' acidosis acts as the precipi- 
tating agent which initiates the convuil- 
sion. The fact that convulsions occur, not 
only during ether anesthesia but also 
with other agents, supports this view. 
Thus, carbon dioxide excess may be a 
contributory factor, if it is not the domi- 
nant one, in causing this distressing syn- 
drome. 

HYPERVENTILATION AND 
ACID-BASE BALANCE 

Seevers and Waters and their associ- 
ates completed exhaustive studies on the 
effect of hyperventilation on anesthe- 
tized animals and man. Human subjects 
anesthetized with ether, cyclopropane, 
avertin, amytal, and morphine-scopola- 
mine were hyperventilated for periods of 
ten to twenty minutes. During this time 
a marked alkalosis occurred character- 
ized by a rise in serum pH (as much as 
0.31 units), a lowering of carbon dioxide 
tension, and a decrease of carbon dioxide 
content in blood. Tetany was absent dur- 
ing narcosis with ether and cyclopropane 
but not with nitrous oxide, ethylene and 
other mild agents. Tlie peripheral circu- 
lator)' failure believed to result from 
acapnia by Henderson was notably ab- 
sent. 

Vigorous over-ventilation of a con- 
scious person may so low’cr the plasma 
carbon dioxide that the pH rises e.xces- 
sively. Under these circumstances un- 
consciousness results with electroenceph- 
alographic changes. It has been sug- 
gested tliat respiratory alkalosis during 
anesthesia may initiate cerebral vasocon- 
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striction and produce cerebral damage ducing hyperventilation during anesthe- 
from the resulting anoxia. Most of the sia seldom produces ventilation exceed- 
data available indicates that the over- ing 20 liters per minute. It is unlikely 
ventilation must be severe in the order that tliis degree of hyperventilation is a 
of 100-150 liters per minute for this to serious hazard during anesthesia. Clini- 
occur. The conventional method of pro- cal experience bears this out. 



CHAPTER 30 


Effects of Anesthesia Upon Composition of 
Body Fluids. Organic Constituents 


BLOOD NITROGEN 

T he nttrocen-coktaining constitu- 
ents of body fluids may be divided 
into two categories: protein and non- 
protein. Non-protein nitrogen (N.P.N., 
B.U.N.) forms a small fraction of the 
total nitrogen of blood. The concentra- 
tion of non-protein nitrogen in blood 
may be an important index of the meta- 
bolic processes going on and efficiency of 
excretory mechanisms of the body. Tlie 
important substances composing the 
non-protein nitrogen fraction of blood 
are urea, uric add, creatine, creatinine, 
amino acids, glutathione, ammonia, and 
guanidine. The concentrations of urea, 
uric acid, and creatinine in blood are 
of clinical significance since they are ele- 
vated during renal insufficiency, dehy- 
dration and various metabolic disturb- 
ances. Tlie normal fasting non-protein 
nitrogen ranges from 25 mgm. to 40 
mgm. per 100 ml. Approximately 12 
mgm., or almost 50% is derived from 
tlie urea fraction, 1% from uric acid, 0.6% 
from amino acids, 1% from creatinine and 
/ 2 % from creatine. The remainder prob- 
ably comes from various non-protein con- 
stituents foxmd in erythrocytes. ^Vhen 
non-protein nitrogen blood levels rise 
during renal insufficiency uric acid, as a 
rule, increases first, urea next, and ulti- 
mately creatinine. Any pathological proc- 


ess which causes an individual constit- 
uent to increase, obviously, raises the 
total non-protein nitrogen in the blood. 
Deviations from normal levels suggest, 
but do not necessarily establish, the pres- 
ence of (1) renal insufficiency, (2) blood 
volume changes or 3) metabolic disturb- 
ances. The source and variations in con- 
centration of each component in the 
blood non-protein nitrogen fraction are 
best considered individually. 

UncA 

Urea is the diamide of carbonic acid. 
Urea is a neutral substance but the pres- 
ence of two amino groups permit it to 
form salts with acids. Urea is formed 
chiefly in the liver as the main nitrog- 
enous end product of protein metab- 
olism. Blood urea is distributed almost 
equally between tlie cells and plasma. 
The blood concentration varies from 5 
mgm, to 23 mgm., expressed as nitrogen, 
per 100 ml. of blood. The range for fast- 
ing individuals varies between 10 mgm. 
to 15 mgm., expressed in terms of ele- 
mentary nitrogen. Urea is diffusible and, 
because of this, is found in other body 
fluids besides blood. It is found in ascitic 
fluid, saliva, and cerebrospinal fluid in 
concentrations slightly less than that of 
blood. Although under normal circum- 


633 





634 Chemistry and Physics of Anesthesia 


stances almost 50% of the non-protein 
nitrogen of blood is derived from urea 
when the non-protein nitrogen is in- 
creased, the proportion of urea nitrogen 
may be as high as 85% to 90% of the total. 
Consequently, in clinical studies, urea 
determinations yield useful data. The 
blood urea nitrogen (B.U.N.) is used as 
an index of the total non-protein nitro- 
gen in many laboratories since it is eas- 
ier to determine. Blood urea increases 
after ingestion of large quantities of pro- 
teins and decreases somewhat after in- 
gestion of carbohydrates. Dehydration 
causes a slight increase while diuresis 
causes slight decrease of blood levels. 
Slight increases also occur in starvation, 
probably due to dehydration. In preg- 
nancy, a decrease may occur. Age does 
not affect the blood urea level, as a rule. 
Blood urea falls in severe liver disease 
while amino acids show an increase due 
to the failure of the liver to deaminize 
amino acids. 

Concentrated urea is injected intra- 
venously to reduce organ volume, par- 
ticularly that of the brain. The urea 
increases the total osmolarity of the 
blood and fluid is withdrawn from the 
interstitial and intracelluhr spaces. The 
urea produces a diuresis. 

Changes During Anesthesia 

Blood urea levels may rise during 
anesthesia This results secondarily from 
the antidiuretic effect and changes in 
renal blood flow caused by anesthesia or 
a compensatory polyuria may follow re- 
covery with a return of the blood levels 
to normal (see Chap. 33). 

Ubic Acid 

Uric acid is derived from two purines, 
adenine and guanine. Tliese are found 
ill plant and animal nucleic acids. Both 
purines, aided by enzymes, (deaminases 
and oxidases) are converted to hypoxan- 


tliine (adenine), xanthine (guanine) and 
then to uric acid. Uric acid is a white 
crj'slalline substance, sparingly soluble 
in water. Blood uric acid is present in 
the form of urates of potassium, sodium 
and ammonium. Urates of alkali metals 
are more soluble in water than those of 
the free acid. The uric acid molecule 
has three hydroxyl groups which react 
with cations to form a tribasic salt. How- 
ever, only the monobasic salt forms at the 
pH of blood. Some uric acid combines 
with organic radicals. This exists in the 
form of “botincr uric acid. The bound 
form is deposited in tissues in pathologi- 
cal conditions such as gout. The plasma 
concentration of uric acid is higher than 
that of the cells Most of the uric acid Is 
derived from exogenous sources obtained 
from foods containing nucleic acids. 
Some is obtained from the breakdown of 
tissue cell nuclei. The average blood 
values of normal individuals varies be- 
tween 3 and 5 mgtn. per 100 ml. of 
whole blood. Ingestion of foods con- 
taining large amounts of proteins causes 
little change in blood uric acid levels. 
The administration of large amounts of 
vitamin C causes an elevation in blood 
uric acid levels. Elevated blood uric acid 
levels result from renal insufficiency, dis- 
turbances of purine metabolism, or ex- 
cessive destruction of nucleoprotein. 
Plasma levels are increased during se- 
vere muscular exercise, during starvation 
(probably due to the destruction of the 
tissues), in nephritis, gout, eclampsia, 
polycythemia vera, leukemia, and mul- 
tiple myeloma. 

Amino Acids 

Amino acids are normal constituents 
of blood. They form from the liydrolysis 
of proteins during the digestion of pro- 
teins in the gastrointestinal tract and 
from catabolism of body tissues. At least 
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25 amino adds are recognized in pro- 
teins of mammals. Amino acids cannot 
be stored in the body when taken in 
excess of body needs. Therefore, those 
which the body does not utilize in syn- 
thesis of protein are deaminized by 
the liver. The amino group combines 
with carbonic acid through a series of 
complex reactions aided by enzymes to 
form urea. The rest of the molecule is 
converted to carbohydrate or fat, de- 
pending upon the type of amino acid 
involved and the carbohydrate or fat 
stored. The concentration of amino acids 
in whole blood varies between 5 mgm. 
and 8 mgm, per 100 ml. The concen- 
tration in red cells is about three to four 
times that of plasma. Tlie ingestion of 
large quantities of proteins causes an 
elevation of blood amino acids. Tliis is 
most striking particularly m the blood 
from the portal vein. Fasting, preg- 
nancy, age and sex cause few alterafa'ons 
in blood amino acids. Insulin and epi- 
nephrine cause the blood level to fall. 
In most forms of acute hepatitis, a 
marked increase of blood amino acids 
accompanies the disease. Slight eleva- 
tions also occur in nephritis, diabetes, 
hyperthyroidism, cardiac failure, can- 
cer, fever, and leukemia. Hepatitis due 
to chloroform and other halogenated 
hydrocarbons is accompanied by an in- 
crease in the plasma and urinary amino 
acids, Cystinuria is a metabolic disease 
characterized by excretion of cystine in 
the urine. The level of cystine in blood 
is elevated and the amino acid appears 
consistently in the urine. 

Determinations of blood amino acids 
are of little clinical significance as far 
as anesthesia is concerned with the ex- 
ception of hepatitis caused by chloro- 
form and other halogenated compounds, 
in which case it has some diagnostic 
and prognostic value. The amino acids 


Body Fluids. Constituents 

contiibule to the non-protein fraction of 
nitrogen analysis of blood. 

Creatine and Creatinine 
Creatine is a normal constituent of 
muscle and nervous tissue. Creatinine is 
a waste product. Approximately 982 p of 
the creatine in the body is found in the 
muscles and 1.5% in the nervous tissues. 
Skeletal and cardiac muscle are richer 
than smooth muscle. Four-fifths of the 
creatine is combined with phosphoric 
acid as phosphocreatine. Phosphocrea- 
tine supplies the phosphate for the con- 
version of adenylic acid and adenosine 
triphosphate, the breakdo\vn of which 
liberates the energy necessary for the 
work of muscular contraction. Creatine 
is synthesized in tlie muscles from amino 
acids. The creatine obtained from diet- 
ary sources presumably is not utilized. 
Synthesis is not dependent upon the 
liver. 

Creatine and creatinine are colorless, 
odorless, and tasteless, water soluble, 
nitrogen-confaining organic substances. 
Creatine is methijl-guanido acetic acid. 
Creatinine is the anhydride of creatine 
and forms from creatine by the loss of 
one molecule of water. 

XH 

NH, f( 

1 C 

C=NH / \ 

I HX X— CHi 

CH^X— CH.COOH I I 

OC CHi 

Creatinine is not converted to creatine 
in the body. Only traces of creatine are 
excreted into the urine. Creatine out- 
put into the urine is increased only when 
the liberation in tissues is increased and 
exceeds the ability of the body to con- 
vert it to creatine. Creatinine is one of 
the means of disposal of nitrogen by the 
organisms just as urea is a product of 
deaminization of amino acids. 
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Most of the creatine is in the ceDs. 
Little is found in the plasma. The normal 
concentration of creatine in whole blood 
varies between 2.5 mgm. and 5 mgm. 
per 100 ml., the average value usually 
being about 3 mgm. Exercise and diet 
change the blood creatine level very lit- 
tle, Little change is observed in most 
pathological states. 

The blood creatinine level also re- 
mains remarlcably constant It ranges 
between 1 mgm. and 2 mgm. per 100 ml. 
of blood. Age, e.xercise, diet, and other 
factors affect the blood concentration 
very little. Creatinine is evenly distrib- 
uted between the red cells and plasma. 
Blood creatinine levels are elevated in 
all types of renal insufficiency, in wast- 
ing diseases of muscles, such as muscu- 
lar dystrophies and after destruction of 
muscle tissues. Blood creatinine exceed- 
ing 2 mgm. per 100 ml. are considered to 
be above normal. A value of 5 mgm. per 
100 ml. indicates severe renal insuffi- 
ciency and is considered of grave prog- 
nostic significance. Elevation of blood 
creatinine levels occurs after the urea 
has increased usually. Creatinine is re- 
tained in blood in the various nephri- 
tides, obstructions of tlie urinary tracts 
intestinal obstruction, toxemias, pneu- 
monia, and dehydration. Creatine is not 
a waste product of metabolism. Blood 
levels change very little in pathological 
slates except in total renal shuldoAvn 
when a rise in blood concentration oc- 
curs. Little information is available on 
the metabolism and excretion of creatine 
during anesthesia. Tliere is, ho\vever, 
little reason to suspect any deviations of 
blood level from normal. 

Ammonia. 

The amount of ammonia formed nor- 
mally in tile body is small in comparison 


to tlie total nitrogen excreted as urea. In 
acidosis, however, ammonia is formed 
by the renal tubule to neutralize acid 
and conserve base. This ammonia is de- 
rived from amino acids and not as one 
would suspect from the urea passing 
tlunugh the kidney. Presumably the im- 
portant source is glutamine. This is aided 
by the enzyme glutaminase, whicli cata- 
lyzes the reaction. The blood concentra- 
tion, however, is changed little under 
these circumstances. The blood leaving 
the kidney (venous) contains slightly 
more ammonia than that entering it. Un- 
der normal conditions 30-50 m.Eq. of H* 
are eliminated per day combined xvith 
ammonia formed by the kidney. 

Considerable quantities of ammonia 
are formed in the large intestine as a 
product of putrefactive activity on nitrog- 
enous substances by the intestinal bac- 
teria, Normally the ammonia is ab- 
sorbed but it is converted to urea by the 
liver. In hepatic disease the conversion 
does not occur and toxic levels result 
which are believed to be the genesis of 
the so-called hepatic coma, The effect 
of ammonia on the nervous system is not 
clearly understood. 

The usual concentration. oE ammooia 
in whole blood is less than 0.1 mgm. per 
100 ml. In hepatic coma it has been 
knosvn to rise. The blood ammonia is 
remarkably constant in kidney diseases 
and in toxemia of pregnancy. The blood 
level, however, is very little changed 
even in these circumstances. Blood am- 
monia levels are increased during ether 
anesthesia, hut data on tliis subject are 
meager. 

Guanidine Bases 

Guanidine is another constituent of 
tlie non-protein nitrogen fraction of 
blood. The chemistry of guanidine and 
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its significance in blood are not under- 
stood exactly. In normal blood, the con- 
centration of guanidine is believed to be 
approximately 1.5 mgm. to 2.30 mgm. A 
number of different derivatives are be- 
lieved to exist but calculations of blood 
levels are usually based upon the as- 
sumption that the substance is methyl 
guanidine. Tlie concentration in the 
plasma is approximately half that of the 
cell. Guanidine levels may be increased 
in uremia, in epilepsy, and severe liver 
diseases. Rises parallel increases of urea 
and creatinine in blood when renal in- 
sufficiency is present. The exact role of 
guanidine has not been established from 
a clinical standpoint. Tliere is no known 
relationship to anesthesia of significance. 
It might be noted, though, the bases are 
increased in blood in convulsive stales, 
such as epilepsy. 

Changes in Non-protein Nitrogen 
During Anesthesia 
Obviously, since the non-protein nitro- 
gen derivatives are metabolic by-prod- 
ucts which are eliminated by the kidney 
their concentration in blood is bound 
to vary with metabolic activity, cardio- 
vascular status, state of hydration and 
so on. Studies of their variation during 
anesthesia can be of significance only 
if parallel studies are made on urine 
formation, interstitial fluid composition, 
blood volume, liver function and the 
like. A good deal of the available data 
consists of isolated determinations of 
blood levels which are not correlated 
with any of the aforementioned factors. 
Generally, most of the data indicates 
that significant changes in blood non- 
protein nitrogen due to anesthesia are 
imcommon. Slight elevations may occur 
during anesthesia due to the antidiuresis 
which accompanies anestliesia wth 


many agents and from changes in blood 
volume. A restoration to normal blood 
levels usually occurs after reco\’ery from 
anesthesia. Blood urea levels increase 
during ether anesthesia. Two factors 
may be involved: (1) a temporary reduc- 
tion in urine formation, and (2) a pos- 
sible increased production of urea by 
the liver. Although the fimction of the 
liver is decreased by some anesthetics, 
the formation of urea is not impaired. 
Bollman has shown that animals mani- 
festing extensive hepatic lesions form 
more urea than is normally expected un- 
der anestliesia. This may be explained 
by the fact that more protein is used 
during anesthesia due to the deranged 
carbohydrate metabohsm. Blood urea 
increases during chloroform anesthesia 
not accompanied by hepatitis, and 
during acertinmitrous oxide anesthesia. 
Changes due to nitrous oxide, ethylene, 
and cyclopropane are slight and usually 
negligible. 

NrTROCEN Metabolism 
Nitrogen metabolism is disturbed 
when hepatitis develops as a result of 
anesthesia %vith chloroform and other 
halogenated hydrocarbon anesthetics. 
The urea-forming capacity of the liver is 
decreased under these circumstances. 
Blood non-protein nitrogen rises as a 
result of a decreased urinary output, in- 
creased blood ammonia and a rise in 
alpha amino acid nitrogen since the liver 
no longer can deaminize amino acids. 
Purines are not increased as a rule. An 
increase in blood uric acid has been ob- 
served in dogs, however, during cyclo- 
propane anesthesia, the significance of 
which is not explained except that per- 
haps it indicates deranged function of 
the liver. 
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PLASMA PROTEINS 
Blood proteins are of utmost interest 
from an anesthetic standpoint, since 
they are intimately concerned with fluid 
balance, acid base balance, binding with 
drugs, blood clotting and so on. Blood 
proteins are distributed both in the 
erythrocytes and plasma. Plasma pro- 
teins are independent, separate, and 
chemically different from those in cells. 
Plasma proteins are a complex mixture 
of simple, mixed and conjugated pro- 
teins. They comprise the major part of 
the solids of the blood. Three separate 
groups of plasma proteins are recog- 
nized: albianin, globulin, and fbrinogen. 
Plasma proteins are identified accord- 
ing to solubility, ease of precipitation by 
electrolytes, study of molecular weight, 
and migration in electrical fields. The 
migration of charged particles in an elec- 
trolytic solution when an electric current 
is passed through the solution is called 
electrophoresis. Various protein com- 
ponents in a mixture migrate at vaiy'ing 
rates in such solutions because they have 
different surface charges. The protein 
can thus be separated into different 
types by the layering of individual com- 
ponents which occurs. The albumin 
molecules which are smaller and most 
highly charged migrate most rapidly. Six 
distinct boundaries have been identified 
in human plasma. In the order of de- 
creasing mobility are albumin, (alpha 1 
and alpha 2) alpha globulin, beta glob- 
ulin, fibrinogen and gamma globulin. 
Similar patterns have been obtained by 
paper electrophoresis. Other methods 
of study of proteins besides electro- 
phoresis are a^'ailablc such as centri- 
fugation, alcohol precipitation and im- 
munological analysis. These reveal 
individual entities in a given component 
of an electrophoretic pattern. 


Globulins 

Tlie globulin fraction of proteins is a 
very comple.x mixture. This fraction is 
precipitated by dializing plasma with 
water or, by the addition of 22S sodium 
sulphate, or half-saturated ammonium 
sulphate. The more important compo- 
nents of the globulin fraction are the 
mucoproteins, the lipoproteins, metal 
binding fraction and the gamma glob- 
ulins. 

Albumin 

The albumin fraction is separated 
from plasma after the globulin is pre- 
cipitated. The albumin fraction is not 
precipitated by half-saturated ammon- 
ium sulphate. The molecular weight of 
the albumin fraction is much less than 
that of globulin and is believed to be 
approximately 69,000. Tlie albumin frac- 
tion is not absolutely homogenous. One 
component, however, accounts for % of 
the total. This fraction, called mercaptal- 
bumin, contains one free SH group per 
molecule. 

Fibrinogen 

Fibrinogen is the precursor of fibrin 
and is concerned with coagulation of 
blood. Through the action of thrombin, 
the soluble fibrinogen is converted to 
insoluble fibrin. Fibrinogen is precipi- 
tated from the blood plasma by 2’AZ cal- 
cium chloride solution or fourth-satur- 
ated ammonium sulphate. Fibrinogen 
has a large asymmetric molecule which 
is elongated. The molecular weight is 
between 350,000 and 450,000. Normally 
it constitutes 4-6^ of the total weight of 
the protein. Fibrinogen is elaborated in 
the liver. Afibrinogenemia is a heredi- 
tar)' disease characterized by the ab- 
sence, or near absence, of fibrinogen. 
Fibrinogen may also be depleted by the 
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formation of lysins in blood due to pro- 
tein destroying syndromes. Purified hu- 
man fibrinogen is available for treatment 
of these depleted states. 

Site of Fouaiation of Proteins 
Generally speaking, the term senini 
protein indicates the combination of al- 
bumin and globulin fractions while 
plasma protein indicates all three, 1 * 10 - 
teins are formed almost totally, by the 
liver. Fibrinogen and prothrombin are 
formed entirely by the liver. The retic- 
uloendothelial system participates in the 
formation of antibodies— in other words 
the gamma globulins. Storage of proteins, 
while confined to a number of tissues, 
seems to be a function of the liver, also. 

Functions op Proteins 
Plasma proteins perform at least five 
functions: The first, and a very impor- 
tant function, is to maintain the fiuUl 
balance by virtue of the osmotic pressure 
which they exert This tends to prevent 
transudation of fluid from vascular bed 
to tissue spaces. Albumin, because its 
molecule is smaller, may be lost through 
the endothelium of the blood vessels 
more easily than globulin. The osmotic 
pressure of albumin is approximately 
four times that of serum globulin so that 
when albumin is lost or is not formed, 
edema of the tissue results due to transu- 
dation of fluid from the vascular to tissue 
spaces. The loss of these proteins not 
only lowers the osmotic pressure rela- 
tionships, but also disturbs equilibrium 
of electrolytes on either side of the cell 
membranes (Chap. 1). A migration of 
electrolytes also causes a shift of water 
(Donnan effect). A second function of 
proteins is buffering. Plasma proteins 
are amphoteric and can combine w'ith 
either acids or bases. When they act as 


an acid they combine with sodium, thus, 
making a buff^er pair. Approximately 16 
m.Eq. of sodium are combined with 
protein anions. Proteinate biifi'er pairs 
contribute about 4% to the total buffer 
action of blood. The third important 
function of plasma proteins is nutri- 
tional. Serum albumin is a source of pro- 
tein in hypoproteinemie patients. Cir- 
culating plasma protein is not static but 
constantly interchanges with a labile 
tissue reserv’e. The fourth is maintenance 
of the clotting mechanism.. This is 
mainly a function of fibrinogen. The 
fifth function concerns the mobility of 
red cells. Mobility is influenced by 
changes in the concentration of the 
plasma proteins, particularly in the fi- 
brinogen fraction. Decreases in fibrin- 
ogen cause an increase in rate of sedi- 
mentation of erythrocytes. Other func- 
tions of protein include transport of 
lipids, fat soluble vitamins, steroid hor- 
mones, drugs and possibly carbohy- 
drates. 

Plasma Conce.vtrations 
Ihe concentration of protein in 
plasma varies. Although the exact con- 
centration is not agreed upon, it is be- 
lieved the total protein ranges from 6.5 
grams to 8.5 grams per 100 ml. of plasma, 
averaging 7.5 grams. Of this, albumin 
is from 3.8 grams to 5.8 grams and glob- 
ulin, 2.0 grams to 4 grams per 100 ml. 
Fibrinogen is present in amounts rang- 
ing between 0.20 and 0.4 grams per 100 
ml. of plasma. Thus, the ratio of albumin 
to globulin is about 2 to 1.4. This ratio 
is important because changes may dis- 
turb the osmotic pressure and fluid bal- 
ance between the blood and tissues. The 
total colloid osmotic pressure of capil- 
Jai^’ blood is approximate!}' 28 mm. Hg 
pressure. Edema results when the pres- 
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sure falls to 18 mm. Hg or less. 

Levels of plasma proteins vary under 
certain physiological and pathological 
conditions. Normally, the concentration 
in infants is less tlian in adults. A de- 
crease in the albumin fraction may occur 
during pregnancy. Diets rich in protein 
increase plasma proteins little if at all. 
Dehydration may cause an increase due 
to hemoconcentration. High tempera- 
tures tend to cause an elevation due to 
an increased loss of fluid. On tlie other 
hand, if the fluid is replaced, a slight 
fall results due to hydremia. Excessive 
muscular exercise causes a slight increase 
in total protein of blood. Diuretics may 
cause an increase in concentration due to 
change in fluid volume. 

HypoproteinenUa may be due to in- 
adequate protein intake, excessive pro- 
tein loss, or failure of protein synthesis. 
Plasma protein levels are lowered in se- 
vere malnutrition, liver disease, and in 
diseases accompanied by proteinuria, 
such as nephritis. The deficiency of pro- 
tein is usually in the albumin fraction. 
Dehydration, certain diseases, such as 
multiple myeloma, typhoid fever, and 
pneumonia are accompanied by in- 
creases of total serum protein. The in- 
crease is usually in the globulin frac- 
tion. Such increases reverse the ratio 
also. Liver disease is accompanied by 
lowering the fibrinogen as well as al- 
bumin fraction. It is noteworthy that al- 
though the total protein content itself 
ma)’ remain constant, the albumin-glob- 
ulin ratio may shift and cause physio- 
logical disturbances. The fibrinogen con- 
centration is lowered in pernicious 
anemia, hemorrhage, and hemolytic 
Jaundice. 

RELATioNsniP TO Anhstiiesia 

From a sixrgical and anesthetic stand- 
point, plasma proteins are important be- 


cause they reflect to a certain extent the 
state of nutrition of the subject. Also 
they are intimately concerned with liver 
function, blood-clotting mechanisms, 
wound healing, and fluid balance and re- 
flect the status of these. The relationship 
between the liver and proteins is most 
important from the standpoint of anes- 
thesia, Data on the effects of anesthesia 
on serum proteins are meager. What- 
ever changes occur are secondary to 
otiters caused elsewhere in the body such 
as fluid loss, dehydration and other fac- 
tors. Stewart and Rourke, in studies of 
plasma volume, reported no change in 
plasma protein in man during ether an- 
esthesia. Anesthesia with other agents 
seems to follow similar patterns, A de- 
crease in fibrinogen occurs after chloro- 
jorm anesthesia if followed by hepatitis. 
A decrease in sedimentation rate of eryth- 
rocytes follows chbroform anesthesia, 
probably due to the decrease of fibrino- 
gen. Anesthesia w’th amytal and other 
barbiturates is also accompanied by a 
decrease in sedimentation rate. Possibly 
the factor of dilution may influence the 
fibrinogen concentration since hemodilu- 
tion occurs with these agents. Appar- 
ently no gross deviation of globulin or 
albumin fractions occurs. Obviously, 
variations in protein content are bound 
to occur with changes in blood volume. 

Protein Binding of Drugs 
One aspect of serum proteins is tlie 
binding effect with non-volatile anes- 
thetics. Procaine, thiopental, the muscle 
rclaxants and other drugs are bound 
with protein. The protein bound frac- 
tion of tlie drug is inactive. The com- 
bination of a drug with body proteins 
may form antigenic substances which, in 
due time, are concerned with allergic 
reactions on subsequent exposures to 
these drugs. Volatile (inert) drugs do not 
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appear to participate in this phenom- 
enon because their binding forces are 
weak. No effect of anesthesia on antigen 
antibody responses has been demon- 
strated as yet. 

CLOTTING OF BLOOD 

The clotting of blood is an important 
protective mechanism of the body. Nat- 
urally, it is of profound interest in sur- 
gery and anesthesia. Coagulation of the 
blood is a complex phenomenon the suc- 
cessful completion of which depends 
upon the presence of various activators 
and inhibitors, liver function, electrolyte 
balance, blood flow and many other not 
completely understood factors. 

MsaiAMSM OF Clottinc 

A number of explanations for the 
mechanism of clotting of blood have 
been offered but no universally accepted 
process is agreed upon. Three significant 
steps are involved in the clotting proc- 
ess. The end result is that fibrinogen, 
which is a soluble protein, is converted 
to strands of insoluble fibrin in which 
the erythrocytes become enmeshed. The 
fibrin forms first as long needles and 
later becomes a mesh of fibres which 
trap the cellular elements of the blood 
to form the clot. Fibrinogen is converted 
to fibrin by thrombin. Thrombin is 
formed from prothrombin which, like 
fibrinogen, exists in a fluid state and is 
non-reactive until the proper conditions 
are present to activate it. Prothrombin 
is converted to thrombin by thrombo- 
plastin. A number of substances possess 
thromboplastic activity. These are con- 
tributed by the plasma, the platelets and 
the tissues. Four plasma thromboplastic 
elements have been described, referred 
to as A,B,C, and D. Deficiencies of any 
of these results in hemophiloid states. 


Deficiencies in A type give rise to classi- 
cal hemophilia. The platelet thrombo- 
plastic factor is liberated upon disinte- 
gration of the platelets. Tissue thrombo- 
plastin precursors are supplied from 
outside the circulation. They initiate 
clotting. 

Prothrombin exists as an active and 
an inactive form. The inactive form is 
converted to the active by the catalytic 
action of accelerin and by thrombin. 
Active prothrombin is conv-erted to 
thrombin under the influence of throm- 
boplastin. This reaction is accelerated by 
calcium ions, an accelerator from plate- 
lets and several types of prothrombin ac- 
celerators. 

The fibrinogen loses one or more pep- 
tides under the influence of thrombin. 
Activated fibrinogen first forms. The 
fibrin is a much larger molecule than the 
original fibrinogen. Prothrombin is 
formed e.xclusively by the liver. A de- 
ficiency of prothrombin results when ex- 
tensive liver damage is present giving 
rise to clotting disturbances. Vitamin K 
is necessary for the production of throm- 
bin. Bile is necessary for its absorption 
from the bowel. Deficiency of Vitamin K 
results in deficiency of prothrombin. Di- 
hydro?^ coumarin (Dicoumarol) antag- 
onizes Vitamin K and produces hypo- 
prolhrombinemia. 

iNinBiTiox or Clottinc 

Prothrombin activation and conversion 
is inhibited by heparin and anti-throm- 
boplastin. Heparin occurs on the liver 
and lung. It is water soluble and potent. 
It is used to inhibit coagulation. Heparin 
may be antagonized by protamine and 
toluidine blue. Blood fails to clot if cal- 
cium ion is absent in the plasma. Citrates 
and oxalates prei’ent clotting by precipi- 
tating calcium or converting it to Ae 
unionized form. 
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Effects of Anesthesia on Clotting 
Bleeding time and clotting time are 
not significantly changed during anes- 
thesia with conventional drugs. It must 
be realized that studies on clotting are 
essentially observations of blood in vitro 
and that in vivo behavior may be quite 
different. During nitrous oxide anesthesia 
in dogs there is a slight increase in co- 
agulation time. The bleeding and co- 
agulation time in newborn infants de- 
livered from mothers anestlieb'zed by 
nitrous oxide is piolonged about one to 
two minutes. A shortening of coagula- 
tion time is observed after ether anes- 
thesia in dogs. In man there is no sig- 
nificant change. Coagulation lime is 
slightly prolonged in dogs during ch/oro- 
form anesthesia. During ethylene anes- 
thesia coagulation time is shortened but 
in the newborn it is prolonged. No sig- 
nificant change in coagulation time has 
been observed during cyclopropane an- 
esthesia. The alleged increased bleeding 
is due to “ooze” resulting from vasodila- 
tation and not to clotting. Borbiturofcs 
and thiobarbiturates apparently do not 
appreciably alter coagulation time. Car- 
bon dioxide administered in concentra- 
tions wbicli produce anesthesia (301?) 
shortens the coagulation time in dogs 
considerably. No significant changes 
have been reported with halolhane, 
trichlorethylene, vinyl ethyl ether, thio- 
pental, or the muscle relaxants. Although 
coagulation time is altered to a slight 
extent, one way or the other, dinically 
these aforementioned findings are of no 
practical significance. Increased bleed- 
ing or “ooze” during anestliesia must not 
be confused with defects in coagulation. 
Increased peripheral blood flow, result- 
ing from vasodilatation or increased cap- 
ilJaiy blood pressure may be responsible 
fertile oozing. 


CARBOm’DRATES 
Hexoses and Glycogen 

Three principal monosaccharides uti- 
lized by the cells are glucose, galactose 
and fructose. The sugar in the blood is 
glucose. The glucose in circulating blood 
is derived from three sources (1) the 
liver since this organ stores carbohy- 
drates as glycogen, (2) glucose obtained 
by digestion of carbohydrates in the in- 
testine and (3) glycogenic compounds, 
such as amino acids, glycerol and com- 
pounds formed from the metabolic 
breakdown of glucose, such as lactic, 
fumaric, succinic acid, etc. The storage 
of glycogen and the conversion of glu- 
cose to lipid (lipogenosis) is influenced 
by the action of insulin, the internal 
secretion of the islets of Langerhans of 
the pancreas. The miscellaneous carbo- 
hydrales ingested in the digestive tract 
are hydrolyzed to hexoses which in turn 
are converted to glucose by the liver and 
stored as glycogen. Glycogen is dis- 
cussed later on in this chapter. 

Effect of Hormones on 
Blood Sugar 

The blood sugar level is controlled by 
several hormones, most important of 
which is insulin Insulin promotes a re- 
duction in blood sugar. Hormones from 
the adrenal, thjTOid and pituitar)' also 
play a role (Chap. 35). The adrenal 
gland ehiborates a number of hormones 
which influence carbohydrate metabo- 
lism. Steroids with oxygen on position 11 
stimulate glnconeogenesis. The release of 
epinephrine from the adrenal gland and 
norepinephrine from the adrenergic re- 
ceptors mobilizes liver glycogen and 
elevates blood sugar. The adrenal hor- 
mones are insulin antagonists. Glyco- 
genolysis does not occur if the liver is 
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depleted of glycogen. The anterior pitui- 
tary also elaborates hormones which 
tend to increase the blood glucose by 
inhibiting the action of insulin. The hor- 
mones which act in this manner are the 
pituitary growth hormone, corticotropiir 
(ACTH) and a diabetogenic principle. 
The tliyToid gland affects carbohydrate 
metabolism. Hypothyroidism is accom- 
panied b)’^ a h)pogl}'ceniia; and hyper- 
thyroidism by hyperglycemia. The pitui- 
tary gland may be the true regulator of 
carbohydrate metabolism by acting as 
a master gland which controls the other 
endocrine organs. As a rule, hypofunc- 
tion of a gland of internal secretion lends 
to cause hypoglycemia, and hyperfunc- 
tion a tendency towards hyperglycemia. 
The one exception is in the case of pitui- 
tary hypofunction in which a hypergly- 
cemia results. Rapid elevation of blood 
sugar in emergency states is dependent 
upon the adrenal gland which liberates 
epinephrine and mobilizes glucose from 
glycogen. The regulation of blood sugar 
levels depends upon the activity of the 
liver which is influenced by the various 
aforementioned hormones. 

NonMAL Values 

The usual concentration of glucose 
under normal conditions varies from 90 
mgm. to 120 mgm. per 100 ml. of whole 
blood. Blood sugar values depend a good 
deal upon the method employed in 
analysis. Analytical methods are based 
On the ability of glucose to reduce metal- 
lic compounds, chiefly those of copper 
(see aldehydes Chap. 12). Other reduc- 
ing substances may be present in blood 
which tend to give higher than actual 
values. The glucose content of the er)'lh- 
rocyte is slightly less tlian that of plasma 
—approximately three-fourths of that of 
plasma. The plasma glucose level is sub- 


ject to rapid changes while that of the 
cells lends to be more stable. Arterial 
blood contains approximately 5 mgm. 
more glucose per 100 ml. than venous 
blood except during starv’ation when 
both values approximate each other. 
Race and se.x have no apparent effect on 
the fasting blood sugar values. Blood 
sugar is increased during exercise and 
decreased during e.xhaustion. E.xtremes 
of temperature and emotional disturb- 
ances have a tendency to increase blood 
sugar. Glucose is filtered by the glomeru- 
lus but is reabsorbed by the tubules so 
that none passes into the urine unless a 
threshold level is exceeded or a patho- 
logic slate is present. 

Effects of Anesthesia 
It is well established that glycogen 
may be mobilized during anesthesia and 
elevate blood sugar. Ether, chloroform 
anesthesia and anoxia produce notable 
increases. Morphine and other narcotics 
causes less pronounced elevations of 
blood glucose levels. Less significant 
changes occur during avertin and bar- 
biturate narcosis. The level of hyper- 
glycemia attained depends upon the 
amount of depression or depth of anes- 
thesia. During cyclopropane, lialotbane, 
vinyl ether, ethylene, nitrous oxide, 
spinal epidural and local anesthesia little 
or no significant changes in the blood 
glucose occur if these are not compli- 
cated by anoxia. Muscle relaxants cause 
no changes. Anoxia superimposed upon 
anesthesia causes pronounced hypergly- 
cemia. The source of the bulk of the glu- 
cose is presumably the glycogen of the 
iRw since this is depleted during anes- 
thesia. A number of factors are inwlved 
in the increases in blood levels. Release 
of epinephrine, depression of enzjTne ac- 
tivity, asph)’xia, blood loss and sympa- 
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thetic stimulation all contribute since 
they occur at one lime or another dur- 
ing anesthesia and operation. The rise 
noted during ether anesthesia may be as 
high as lOOS of the control level, some- 
times even more. The rise is immediate, 
as a rule and reaches its maximum with- 
in 15 minutes. After the initial rise, 
there may be a progressive but less pro- 
nounced increase for the duration of the 
anesthesia. A return to normal occurs 
within 24 hours. The rise during cyclo- 
propane ancstimsia varies from B% to 30^ 
above the pre-anesthetic level. Inacth-a- 
tion of the adrenals in experimental ani- 
mals, such as the cat, prevents or par- 
tially inhibits this hyperglycemia. Sym* 
pathectomy likewise inhibits tlie rise but 
does not completely abolish it. Diels 
rich in carbohydrates have been found 
to inhibit rises. The consensus is that the 
rise Is the result of sympathetic stimula- 
tion. This may be explained in a num- 
ber of ways: (1) Epinephrine Is liberated 
which mobilizes the glucose from liver 
glycogen. (2) Norepinephrine is liber- 
ated by the inBuence of the anesthetic 
drug and acts as does epinephrine. (3) 
The autonomic centers in the midbrain 
are either inhibited or stimulated, pro- 
ducing sympathetic effects which cause 
the rise. 

Blood sugar in rabbits under the in- 
fluence of insulin is little affected by 
asphyxia or anoxia. Ether aneslliesia 
given to rabbits under similar circum- 
stances produces only a slight, if any, 
rise. Insulin administered after hyper- 
glycemia is established causes tlie blood 
sugar to fall. More insulin is required in 
dogs in whom a hjqjerglycemia Is estab- 
lished by ether to restore the blood glu- 
cose to its normal level than if insulin 
were administered before induction of 
anesthesia. Preliminary treatment \vith 
insulin and glucose causes glycogen to 
be deposited in the liver. Insulin ^ven 


to a depancreatized dog anesdietized 
with etlier has little effect on the hyper- 
glycemia. Ether, therefore, neutralizes 
the action of insulin if the glycogen of 
tlie liver is depleted. Insulin also pre- 
vents the hyperglycemia of morphine. 

GLYCOGEN 

Gltcocenesis and Glycocenolysis 
Glycogen, which is often called animal 
starch, resembles starch in many ways. 
It is the form in which carbohydrate is 
stored in animal tissues. Glycogen is a 
glucose polymer in which glucose mol- 
ecules are united through glucosidic 
linkages between Ci and C« or between 
C« and Ca. Approximately 9/lOth of the 
ingested carbohydrate is stored as fat 
and 1/IOth is stored as glycogen. Gly- 
cogen is found chiefly in liver and mus- 
cles. The usual content in the liver 
ranges from 0.2% to 10% by weight al- 
though the quantity varies with tlie nu- 
tritional and physiological state of the 
organism. Tlie quantity in muscle also 
varies but is more constant, 0.2% to 1.8%. 
Tlie hydrolysis of glycogen ultimately 
yields glucose both in vivo and in vitro. 
The breakdoivn of glycogen to glucose 
is known as glycogenolysis. The break- 
down of glycogen to glucose is con- 
trolled by t\vo specific enzyanes. Three 
steps are involved. In the first phos- 
phoglucomutase converts glycogen to 
glucose 1 phosphate. Then this is next 
converted to glucose 6 phosphate by gly- 
cogen phosphory’Iase which in turn con- 
verts it to glucose. The reverse process 
occurs utilizing the same en:^anes. Tlie 
build-up of glycogen from glucose is 
called ghjeogenesis. As has been men- 
tioned, glycogenolysis is hastened by 
epinephrine, norepinephrine, or sympa- 
thetic neiN'e stimulation. Glycogen is 
deposited in muscles as well as liver 
through the influence of insulin. Adren- 
alectomy and adrenal insufficiency cause 
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a depletion of tissue carbohydrate re~ 
serves. The regulation of blood sugar 
content is a function of the balance be- 
tween glycogenolysis and glycogen syn- 
thesis. Glucagon, the pancreatic hyper- 
glycemic factor also causes hepatic gly- 
cogenolysis probably by activating the 
hepatic phosphoiylases (Chap. 35). 

Glycogenolysis Dihung Anesthesia 
Glycogenolysis occurs during general 
anesthesia wth various agents but 
mostly with ether and chloroform. Al- 
though normal livers var)' widely in 
glycogen content and studies of the gly- 
cogenolysis are complicated by this fact, 
it is generally agreed that anesthesia 
does deplete these carbohydrate stores. 
No elevation in blood sugar occurs after 
hepatectomy. The depletion accompany- 
ing ether begins promptly after onset of 
anesthesia (approximately five minutes) 
and progresses gradually during the 
period of anesthesia. A concomitant rise 
in blood glucose levels occurs. This rise 
is most likely related to sympathetic 
stimulation, epinephrine release, or dis- 
turbances of enzyme activity. Chloro- 
form causes depletion of glycogen and 
hyperglycemia similar to and in some 
cases more severe than ether. Muscle 
glycogen also decreases during ether an- 
esthesia but not like that of liver. Cer- 
tain barbiturates, amytal and dial, cause 
some decreases of liver glycogen and 
slight rises in blood sugar. Anoxemia, 
morphine anesthesia, and basal narcosis 
with tribromethanol also cause similar 
disturbances in carbohydrate metabo- 
lism. 

Utilization of Muscle Gycogen 
The utilization of glycogen by muscle 
for energy of contraction has been 
extensively studied. Glycogen is first 
converted to hexoses which are quickly 
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changed to lactic acid anaerobically, 
during which reaction the energy for 
contraction is liberated. In the presence 
of ox)’gen, 4/5ths of the resulting lactic 
acid is resynthesized to hexose and gly- 
cogen and l/5th is oxidized to carbon 
dioxide and water to supply the energy 
of resynthesis and that used for muscle 
contraction. The anerobic reaction is 
rapid and allows the muscles to obtain 
energy veiy quickly. The aerobic reac- 
tion is slower and for the most part oc- 
curs in the recovery phase of muscle ac- 
tivity. The details of the utilization of 
carbohydrate by muscle are too involved 
for any discussion here. It might be said 
briefly, however, that glycogen is first 
converted to hexose phosphoric acid. The 
hexose phosphoric acid ester is probably 
fructose diphosphate which splits into 
two molecules of dihydroxj'acetone 
phosphoric ester. These in turn form 
phosphoglycerol and phosphoglyceric 
acid. The latter is converted to phos- 
phop)Tuvic acid which in turn is con- 
verted to pyruvic acid. The pyruvic acid 
combines with dihydroxyacetone to form 
lactic acid and phosphoglyceric acid. 
Two other substances besides carboh}'- 
drate are needed for the contraction— 
adenyl triphosphate and phosphocrea- 
tine. The adenyl triphosphate breaks 
down to phosphoric acid and adenylic 
acid. The phosphoric acid combines with 
hexose to form hexose phosphate. Phos- 
phocreatine h'berates phosphoric acid to 
combine with the adenylic acid which 
combines to form adenyl triphosphate. 
The utilization of glycogen by muscle 
during anesthesia appears to progress 
without sufficient restraint to inhibit ac- 
tivity of muscles carrying out ventila- 
tory functions. In the presence of an- 
oxia, lactic acid accumulates in blood 
and gives rise to metabolic acidosis. This 
is discussed in Chapter 29. 
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Cerebrospinal Fluid and Other Special 
Body Fluids 


DISCONTINUOUS BODY FLUIDS 

C ERTAIN DISCONTINUOUS COLLECHONS 
of body water of varying composi- 
tion arc referred to as the transcellular 
compartments. These include the cere- 
\)rosp‘ma^ fluid, the intra*ocu\aT fluid, the 
intraperitoneal pleural and pericardial 
fluid, the fluid in the gastro-intestinal 
tract and the synovial Quid. Allliougli 
each of these is of importance in its own 
right the cerebrospinal fluid is the one of 
significant importance to anesthetists. 

CEREBROSPINAL FLUID 
FORMATION 

Cerebrospinal fluid closely resembles 
a diluted protein-free blood filtrate in 
both composition and appearance. The 
fluid is elaborated from the blood by the 
choroid plexus. Controversy lias existed 
as to whether or not spinal fluid is a fil- 
trate or is secreted by the choroid plexus. 
However, thermod^mamic data indicate 
that the fluid is not a simple filtrate be- 
cause more energy is involved in its for- 
mation than would be accounted for by 
filtration. The fluid ei’entuaJJy returns 
into blood via the venous sinuses and 
through the cerebrospinal veins by filtra- 
tion through the arachnoid villi. Tbe 
villi dip into the fluid from all surfaces 
of the arachnoid, both cephalic and 
spinal. True solutions readily pass 


through the arachnoid villi; colloids pass 
more slowly. Tlie rate of diffusion de- 
pends upon the size of the molecule. 
The greater portion of the fluid is ab- 
sorbed from the villi in tlie slojll since 
they are more numerous here. Diffusible 
dyes introduced into the subarachnoid 
space readily pass into the venous blood 
and can be detected there. Slow passage 
of spinal fluid into the lymph channels 
along the perineural spaces has also been 
demonstrated. Reabsorption depends 
upon the difference between the colloid 
osmotic pressure of the blood and the 
osmotic pressure of the fluid. The latter 
represents the difference between sub- 
arachnoid fluid pressure and the intra- 
cranial venous pressure. Tlie hydrostatic 
pressure fluctuates with positional varia- 
tions. The rate of absorption, therefore, 
v-aries with activity and other conditions 
over a 24 Jiour period. 

LYMPHATIC FUNCTION 
Cerebrospinal fluid is believed to 
function as IjTnpIi. All tissues except 
those of tlie central nervous systent Jiaie 
lymphatics. Tlierefore, it is understand- 
able why this suggestion has been made. 
The purpose of lymph is to return prote- 
ins and other macromolecules in transu- 
dates arising from capillaries and cells 
to the s’ascular system. 
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SPINAL FLUID AND BLOOD- 
BRAIN BARRIERS 
Certain substances readily pass from 
jlood to brain or from blood to cerebro- 
spinal fluid or from fluid back to blood; 
3thers encounter a barrier. Distinc- 
tions are made between (1) the cerebro- 
spinal fluid brain barriers, (2) the blood 
cerebrospinal fluid barriers and (3) the 
blood-brain barriers. Of the three the 
blood brain and the blood cerebrospinal 
fluid have been studied in greater detail. 
The presence of the hlood-brain harrier 
was first suggested by Erlich who noted 
that analine dyes injected intravenously 
stained all tissues except those of the 
central ner\'Ous system. Subsequent 
studies by numerous other workers using 
dyes, colloidal solutions or isotopes of 
various elements have led to the gen- 
eralization that the barrier is a homeo- 
static mechanism designed to consistent- 
ly maintain an optimal environment for 
the neurons of the central nervous sys- 
tem. Studies using ions of radioactive 
sodium, potassium, bromine, rubidium, 
strontium and so on indicate that there 
is a lag in passage of substances from 
the blood into the cerebrospinal fluid. 
This lag is designed to prevent abrupt 
changes in solute concentration. The de- 
lay is selective— that is, some ions, as for 
example sodium, pass through sooner 
than others, such as potassium or cal- 
cium. Considerable importance has been 
attached to the blood brain barrier as a 
factor in rate of uptake of anesthetics by 
nervous tissues (Chap, 3). Some workers 
question the existence of a blood-brain 
barrier as a barrier and have proposed 
that lipoid solubility is the important 
factor in the variations in accessibility 
of foreign substances to the brain. There 
is evidence available to support this 
hypothesis. The outward diffusion of 


substances from spinal fluid into the 
blood apparently occurs more rapidly 
than the inward. More will be said of 
this later. 

The transfer of substances from the 
spinal fluid to the intercellular spaces of 
ner\'Ous tissues occurs rapidly. The in- 
tercellular fluid of the nervous system 
together with the cerebrospinal fluid 
might be considered as an extracellular 
fluid double compartment system in 
which the solutes in each have ready and 
rapid access into either space. The rapid 
transfer from the cerebrospinal fluid to 
Cells is in sharp contrast to the slow, grad- 
ual change which occurs from blood to 
cerebrospinal fluid compartment. 

VOLUME 

The total v'ohtme of cerebrospinal 
fluid in the adult averages 130 ml. The 
Volume of fluid in the spinal canal ap- 
proximates 20 ml. The rate of formation 
of cerebrospinal fluid has not been def- 
initely established and is probably quite 
Variable. Some data, not confirmed, indi- 
cate that complete change and replace- 
ment Avith newly formed fluid occurs 
every three Ijours. Compensatory mecha- 
nisms to offset loss by leakage are pres- 
ent. This will be discussed later. 

CEREBROSPINAL FLUID PRESSURE 

The cerebrospinal fluid is under pres- 
sure. Cerebrospinal fluid pressure is sub- 
ject to variations. The term intracranial 
pressure is often used interchangeably 
with cerebrospinal fluid pressure. In the 
recumbent position, the cerebrospinal 
fluid pressure averages 110 to 130 mm. of 
Water. In the horizontal position pres- 
sures are tlie same in the lumbar region 
as they are in the occipital regions. In 
the sitting position, on the other hand, 
the pressure in the lumbar region is ap- 
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proximately 200 mm. higher lhan in the 
cistema. 

Variations in cerebrospinal fluid pres- 
sure occur with changes in (1) the vol- 
ume of the fluid in the system, (2) the 
brain volume, (3) the venous blood vol- 
ume, (4) the rate of intracranial blood 
flow, (5) the elasticity of the membranes 
covering the brain and (6) abrupt 
changes in composition of the blood. 
Any increase in one or more of these fac- 
tors increases the intracranial pressure. 
Intravenous injection of hypotonic solu- 
tions causes an increase in pressure while 
hypertonic solutions of salt, glucose or 
urea and other substances decrease the 
pressure. Presumably water passes 
through the membrane more easily and 
more rapidly than the ions or molecules 
of solute which also pass but lag behind 
the water. When hypertonic solutions 
are administered the water migrates out- 
ward into the plasma. Later the sub- 
stance passes into the spinal fluid and 
water returns inward restoring the pres- 
sure to previous levels and giving rise to 
the phenomenon known as “rebound.” 
When hypotonic solutions are infused 
into blood the water migrates inward 
into the subarachnoid space. This is the 
rationale behind the use of hypotonic 
solutions in the fluid depletion syndrome 
such as follows lumbar puncture (spinal 
headache). 

The e.xtracellular compartment of the 
central nervous system is similar in 
chemical composition to the extracellular 
fluid of other tissues in other areas of the 
body. However, it behaves differently 
than spinal fluid when water is added or 
removed from the body. This compart- 
ment is incapable of rapid solute trans- 
fer, tlierefore, isotonicity is accomplished 
by the transference of water. 


EFFECTS OF FLUID DEPLETION 

There are homeostatic mechanism 
which tend to maintain the cerebrospina 
pressure near normal when fluid is re 
peatedly removed in small amounts ove 
long periods of time or when it leak; 
from a perforation in the dura. Threi 
possibilities are involved in maintaining 
this homeostasis: (1) increased fluid for 
mation, (2) collapse of the dura and (3 
increase in volume of the venous blooc 
in the cerebrospinal circulation. Shoulc 
the volume of fluid be artificially in 
creased by infusion, for example, t 
mechanism for its removal and main- 
taining homeostasis is also present. How- 
ever, this compensatory mechanism doe: 
not operate as efficiently as the one foi 
making up for the loss of fluid. The 
greater the quantity of cerebrospinal 
fluid removed at a single sitting the 
greater the decrease of the spinal fluid 
pressure. Tin’s loss can be compensated 
for by the infusion of isotonic saline. The 
quantity of isotonic normal saline re- 
quired to re-establish tlie initial cere- 
brospinal fluid pressure does not equal 
the quantity removed. In other words, 
some fluid forms in the meantime. Vaso- 
dilatation is believed to augment the 
formation of fluid when the volume is 
depleted. The use of intravenous alcohol, 
nicotinic acid and other vasodilating 
drugs is based upon the assumption that 
the vasodilatation they cause in the cho- 
roid plexus augments the formation of 
cerebrospinal fluid. 

Increases or decreases in volume and 
in pressure result in headache. The so- 
called “spinal headache” is believed to 
be caused by slow leakage of fluid from 
the subarachnoid space which in turn 
causes reduction in volume and pressure. 
Restoration is attempted by use of some 
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of iJie aforementioned measures— i.e., 
hypotonic solutions intravenously or by 
the use of vasodilators. Some success has 
been reported with direct replacement 
of fluid with isotonic saline. Attempt to 
retain body water by promoting anti- 
diuresis with pitressin or corticosteroids 
has also been suggested. Compression of 
the dura by injecting isotonic saline into 
the peridural space has also been sug- 
gested and has met with varying degrees 
of .success. 

CIRCULATION OF FLUID 
There is no actual circulation of spinal 
fluid in the subarachnoid space. Tlie 
fact that the composition in the lumbar 
area differs slightly from that in the ce- 
phalic region is evidence of this. Pulsa- 
tile excursions of fluid may be observed 
in the column of fluid in a manometer 
attached to a needle in the lumbar area 
with each heart beat and with respira- 
tory movements. Variations in venous 
and arterial blood pressure produced by 
coughing, straining and similar activity 
may cause secondary changes in cere- 
brospinal fluid pressure and set up eddy 
currents in the fluid in the spinal canal. 
This may influence the (cephalad) ascent 
of spinal anesthetic drugs. 

COMPOSITION 
Appearance and Density 

Cerebrospinal fluid is a clear, color- 
less, liquid whose specific gravity varies 
from 1.003 to 1.009 but usually averages 
1.006 at ST^C. Specific gravity values 
vary from individual to individual be- 
cause of individual variations in compo- 
sition. Discrepancies in “normal” values 
are numerous. Usually the figures are 
too low. These discrepancies arise from 


the fact that determinations were made 
at room temperature instead of body 
temperature. Precise determinations 
must be made by collecting the fluid 
under oil to prevent loss of carbon di- 
oxide and water, both of which account 
for some loss in density. The determina- 
tion is made at 37®C. Specific gravity is 
of a particular interest in spinal anes- 
thesia where consideration is given to 
gravitational and diffusional effects upon 
solutions of local anesthetics. This is dis- 
cussed further on in this chapter. 

Cerebrospinal fluid contains mostly 
electrolytes and diffusible organic con- 
stituents of plasma and slight traces of 
protein. 

Protein Content 

The protein content of cerebrospinal 
fluid is low, less than 40 mgm. per 100 
ml. of fluid. Most of this protein is al- 
bumin. Tlie albumin-globin ratio is 8:1. 
There is no fibrinogen present, normal- 
ly. The protein content is slightly greater 
in the lumbar than in the cephalic pool 
presumably due to the gravitational ef- 
fects induced by the upright position. In 
general, the electrophoretic pattern is 
the same as that of serum protein. There 
is, however, a rapidly migrating protein 
component detectable in the electropho- 
retic pattern. This fraction is believed to 
originate from the nervous tissues and 
not from the plasma. 

Proteins are increased in certain 
pathological conditions, in the presence 
of tumors, infections and hemorrhagic 
diseases. The protein in these situations 
may be of a type not normally found in 
the spinal canal. These may be identi- 
fied by different precipitation reactions 
and other specific tests, such as the col- 
loid gold test. 
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ELECTROLYTE CONTENT 
Hybrocen Ion Concentoation 

Spinal fluid is distinctly alkaline and 
possesses the same pH as blood; namely, 
7.35 to 7.40. Quoted values In texts do 
not agree because data in many cases 
were obtained at room temperature in- 
stead of body temperature and the fluid 
was not collected anaerobically. The 
chief buffer pair in cerebrospinal fluid is 
the bicarbonate-carbonic acid pair. The 
pll determinationsdoneonspecimens ex- 
posed to air ate more alkaline than those 
collected anaerobically because carbon 
dio.xide is lost to the air. Tlie basicity is 
due primarily to the presence of the bi- 
carbonate ion. The bicarbonate Ion con- 
centration approximates lliat of blood. 
Approximately 40 to 60 volumes per cent 
carbon dioxide may be liberated from 
cerebrospinal fluid. Inorganic phosphates 
are approximately half the blood con- 
centrations (2 mgm. to 5 mgm. per 100 
ml, for blood and 1.23 mgm. to 2 mgm. 
per 100 ml. for cerebrospinal fluid). They 
account for only a small part of the buf- 
fering action. 

Cations 

The concentration of sodium ion is 
the same for both plasma and spinal 
fluid. It averages 141-2 m.Eq. per liter. 
Potassium is found in the same concen- 
tration as blood 3.3 m.Eq. per liter. Mag- 
nesium, for some peculiar reason, is 
found in somewhat liigher concentration 
in cerebrospinal fluid than in blood {1.2 
m.Eq., blood 080 m.Eq. per liter). Cal- 
cium values are approximately half 
those found in blood (1.25 m.Eq , blood 
2 5 m.Eq. per liter). Tlic calcium prob- 
ably represents the diffusible portion of 
calcium of plasma. The protein bound 
portion does not pass into the spinal 
fluid. 


Anions 

Chloride ion is found in higher con- 
centrations than in plasma. Normally it 
averages 124 m.Eq. per liter compared 
to 101 m.Eq. in blood. This is due to the 
Donnan effect. Iodine exists only in one- 
fourth the normal concentration of 
plasma. 

ORGANIC SUBSTANCES 

Cliolesterol and lactic acid are ordi- 
narily not normal constituents of cere- 
brospinal fluid but may be found in 
pathological states. Urea is a highly dif- 
fusible substance and, therefore, passes 
readily into spinal fluid. Concentrations 
in cerebrospinal fluid are the same as in 
plasma and other body fluids. Uric acid 
and creatinine are found m approximate- 
ly half the concentration of blood. 
Amino acid levels are one-fourth to one- 
flfth those of blood. Glucose levels are 
approximately half tliose of blood. Tlie 
concentration in the ventricles is slightly 
greater than in the lumbar area. Tlie 
presence of blood in spinal fluid lowers 
the glucose concentration due to the 
effect of glycolytic enzj'mes which are 
added by the extravasation. The glucose 
level is reduced when inllanimatorj’ le- 
sions of the nervous system are caused 
by bacteria capable of metabolizing 
sugars. 

Enzymes originating in the nervous 
system, particularly true acetyl choline 
esterase, are found in the cerebrospinal 
fluid. Those normally found in blood are 
not present. Proteins believed to arise 
from tlie nervous tissues have been found 
also. Both the proteins and the enzjmies 
are increased in brain injuries and con- 
vTilsiv^e disorders. 

PASSAGE OF DRUGS FROM BLOOD 
TO CEREBROSPINAL FLUID 

Many drugs pass from the general 
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circulation into the cerebrospinal fluid* 
The problems of drug penetration at the 
blood-central nen^ous system barriers are 
quite complex. Details concerning the 
rate of penetration, the concentration 
and time for attainment of equilibrium 
are meagre even for the commonly used 
drugs. The lipophilic nature of anes- 
thetics and many hypnotics cause them 
to be concentrated, at one time or an- 
other, in the brain in greater quantities 
than in other tissues. One would suppose 
that these substances would abound in 
the cerebrospinal fluid. This does not 
seem to be the case, however. Factors 
other than barrier permeability are in- 
volved. The concentration of ethyl alco- 
hol parallels that of blood. It is worth 
mentioning that alcohol is not strongly 
lipophilic. The concentration of tribro- 
methanol is approximately half that of 
blood. Barbiturates are found in concen- 
trations equal to those of plasma. Levels 
in no way reflect the concentration pres- 
ent in the brain. Tlie tliiobarbiturates of 
the ultra short acting type (thiamylal, 
thiopental) easily pass the blood-brain 
barriers and are present in greater con- 
centration there. The ordinary (oxy) bar- 
biturates do not penetrate the barriers 
as easily and are, therefore, more uni- 
formly distributed in the watery tissues 
and body fluids. Tire thought was once 
quite prevalent that barbiturates were 
concentrated in cerebrospinal fluid in 
cases of overdosage. In fact, withdrawal 
of the fluid was recommended to deplete 
tlie brain barbiturate level and to relieve 
symptoms. Kozelka and Tatum, how- 
ever, determined tlie barbiturate con- 
centration in cerebrospinal fluid pooled 
from a group of patients who had in- 
gested large amounts of barbiturate for 
suicidal intent. Barely detectable levels 
were found. 

Most of the available data on concen- 


tration of central nervous system depres- 
sants in cerebrospinal fluid is concerned 
with non-volatile drugs. Data on the 
concentration of volatile agents are 
meagre. The fact that they all easily dif- 
fuse through membranes strongly favors 
the belief that the spinal fluid level 
equals plasma level. 

BEHAVIOR OF NON-ANESTHETIC 
SUBSTANCES INJECTED 
INTRATHECALLY 

It has been generally accepted that 
drugs pass more readily from the spinal 
fluid into the blood than vice versa. 
However, the behavior of vasopressors 
injected intraspinally along with the 
anesthetic agents suggests that this may 
not necessarily be the case. No signifi- 
cant elevations in blood pressure follow 
the intrathecal injection of vasopressors 
combined with the spinal anesthetic 
agent. This appears to be the case with 
both the catecliol amine type compounds 
which are rapidly metabolized in the 
blood, and the stable compounds which 
are not. Cardiac irregularities do not oc- 
cur wJien vasopressors are administered 
intrathecally in conjunction with the 
spinal anesthetic agent and cyclopropane 
is subsequently administered. Serious 
arrhythmias appear when the drug is 
deposited in the interspinous ligaments. 
These findings further support the idea 
that these drugs pass slowly from the 
subarachnoid space. Ventricular fibrilla- 
tion occurs in dogs when spinal fluid 
withdrawn at intervals of 1 to 3 hours 
after intraspinal injection of epinephrine 
is injected intravenously. This suggests 
that destruction of epinephrine in the 
spinal canal occurs slowly if at all and 
that absorption into the blood stream is 
a slow process also. Epinephrine is de- 
stroyed once it passes into the blood. 
Weiland, Brok-Kabn and Minsky have 
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reported that levels of dextrose remain 
elevated for more than one hour after 
the intrathecal injection of dextrose. No 
hyperglycemia could be demonstrated. 

SPINAL ANESniESU AND 
CEREBROSPINAL FLUID 
The constituents of spinal fluid which 
could possibly react with or interfere 
with the action of local anesthetic sub- 
stances are of special interest to the an- 
esthesiologist. Spinal fluid is alkaline; tlie 
possibility must be entertained that 
local anesthetic drugs, since they are 
salts of poorly soluble, weak bases, may 
precipitate from solutions when injected 
intrathecally. The alkalinity of spinal 
fluid is due, as has been mentioned be- 
fore, to the bicarborvates of sodium and 
potassium. Tlie carbonic acid-sodium 
bicarbonate pair is the important and 
most abundant buffer pair in the cere- 
brospinal fluid. Phosphates and protein 
concentrations arc loo low for these to 
be of importance as buffers. The acid 
entering into the salt formation of the 
local anesthetic reacts with the bicar- 
bonate. Sodium chloride, the free base 
of the drug and carbon dioxide are the 
end products. TJje quantities involved 
are not sufficient to cause precipitation, 
however. Knight and his co-workers 
have reported that the various local an- 
esthetics in the form of their hydrochlo- 
ride salts added to spinal fluid in tlie 
usual anesthetic doses did not decrease 
the pH to less than 7.2 and that no pre- 
cipitation resulted from the ewnbina- 
tion. Procaine hydrochloride (pH 5.35) 
resulted in a final pH of 7.20. Tlie pH 
after the addition of enough sodium hy- 
droxide to liberate the free base in suffi- 
cient quantities to produce a cloudiness 
was 9.4 Dibucaine hydrochloride (Nu- 
percaine) pH 6.02 gave a pH of 7.4 with 
spinal fluid and precipitated at a pH of 


8.35 after the addition of sodium hy- 
droxide. Tetracaine hydrochloride (Pon- 
tocainc) at pH 3.30 gave a pH of 7.22 
and precipitated at 8.10; piperocaine 
hydrochloride (Metycaine) pH 4.00 gave 
a pH of 7.15 and precipitated at pH 
8.03. Thus, the intratiiecal precipitation 
of the local anesthetics commonly used 
for spinal anesthesia is unlikely. Precipi- 
tation and cloudiness seen after mixing 
the drug with spinal fluid and allowing 
the mixture to stand in air is probably 
due to hydroly’sis of the ester and pre- 
cipitation of one or both of the products 
of hydrolysis. There is no reason to be- 
lieve that substances other than sodium 
bicarbonate in spinal fluid interact with 
the currently-uscd anesthetic drugs. 

Specific GnAvrrY 

The relationship of specific gravity of 
the anesthetic solution to that of spinal 
fluid is important, if control of the level 
of anesthesia is to be precise. Solutions 
of local anesthetic drugs which have a 
specifle gravity equal to tliat of spinal 
fluid are termed isobaric; those whose 
specific gravity is greater are termed 
hyperbaric; while those which are lighter 
than spinai fluid are called hypobaric. 

HYPEiiBAmc Solutions 
Generally, solutions whiclx are obvi- 
ously hyperbaric or hypobaric are used in 
order to control the level and the inten- 
sity of anesthesia. Hyperbaric solutions 
gravitate caudad if tlie body is inclined 
in the head-up, supine position after in- 
jection while hypobaric solutions mi- 
grate ceplialad. Solutions are usually 
made hj’perbaric by weighting witli 
plasma, dextrose (10%), inositol or by 
using small volumes of concentrated so- 
lutions of the less potent agents, sucli as 
procaine. The dextrose is slightly on the 
acid side of neutrality. However, tlie 
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total quantity of acid in glucose is so 
little that it has little influence on the 
overall hydrogen ion concentration of 
the total volume of solution or spinal 
fluid in the lumbar area. Inositol has 
been used with certain local anesthetics 
not compatible with dextrose (Ravo- 
caine). The dextrose solution is not only 
heavier but more viscous than water. 
Thus, it permits control of the level be- 
cause it glides through the spinal fluid 
when the patient is tilted. The glucose 
mixes rapidly with the spinal fluid in the 
dural sac— within one to two minutes. 
After this time one can anticipate little 
movement of the mass which can be 
ascribed to the viscous, heavy nature of 
the solution. The less potent drugs, such 
as procaine, hexylcaine, or piperocalne, 
which are used in comparatively greater 
quantities (120 mgm. to 150 mgm.) than 
the more potent ones like tetracaine or 
dibucaine may be made up in small 
volumes of concentrated solutions dis- 
solved in spinal fluid or saline. These 
may then be used to give weight to a 
solution of a potent drug such as tetra- 
caine. Even when used alone solutions 
of procaine of more than 5% strength are 
hyperbaric. The potent drugs, such as 
tetracaine and dibucaine which are used 
in relatively smaller amounts (20 mgm.) 
are dissolved in the concentrated pro- 
caine. The quantity of drug used is small 
and the resulting solution, even wilJi 
minimal volumes, is definitely hyper- 
baric. Such solutions rapidly intermix 
wth the spinal fluid. The sliding effect 
does not last as long and, therefore, con- 
trol of the level of anesthesia is not as 
precise as it is with glucose mixtures. 

IsoBAiuc Solutions 
Isobaric solutions are no longer em- 
ployed due to their lack of controlla- 
bih'ty. When this technique is used it is 


generally assumed that cerebrospinal 
fluid has a specific gravity of 1.006. The 
results obtained with isobaric techniques 
are unpredictable and variable. Anes- 
thesia is often spotty. The direction in 
ivhich the drug migrates is unpredict- 
able since the specific gravity of spinal 
fluid varies from one patient to the next. 
The specific gravity of cerebrospinal 
fluid, should one care to employ this 
technique, may be determined at the 
lime of lumbar puncture by adding a 
drop or two to a mixture of bromben- 
zine and xylol of known specific gravity. 
The mixture is prepared in such propor- 
tions that the specific gravity corre- 
sponds to that of the solution of the 
drug one contemplates using. One can 
thereby determine whether or not the 
solution being employed is hyperbaric or 
hypobaric for a given patient. Tlie sim- 
pler, and perhaps the safer, expedient is 
to add substances ivbicb either increase 
or decrease the specific gravity of the 
solution of the drug so that it is well 
above or well below the usual normal 
specific gravity of cerebrospinal fluid. 
Any solution prepared by adding crys- 
tals to spinal jluid (not distilled water) 
is hyperbaric. It may not be suflRciently 
hyperbaric to be technically suitable, 
however. 

HvroBAnic Solutio.vs 
Hypobaric solutions are prepared by 
dissolving the drug in distilled water, 
hypotonic saline solutions or by adding 
absolute alcohol not to exceed 10^ of the 
final volume. The addition of alcohol is 
looked upon \vith disfavor due to the pos- 
sibility of initiating neuropathies. Hypo- 
baric solutions are practical only ivhen 
potent local anesthetics, such as dibu- 
caine are used. Doses less than 5 mgm. 
per ml. are usually employed. These are 
distinctly hypobaric. Dibucaine is occa* 
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sionally used in a mixture referred to as 
Jones’s solution. One part of tlie drug is 
dissolved in 1500 parts of 0.5'S aqueous 
sodium chloride. The specific gravity at 
20®C. is 1.0025. Two per cent aqueous 
solutions of procaine arc closely isobaric 
(S.G. 1.005). A IS solution of tetracaine 
in 0.67% saline is closely isobaric, having 
a specific gravity of 1.0067 at 2S“C. 

EFFECTS OF TEMPERATURE 

The onset of anesthesia is inSiienced 
by the temperature of the solutions in- 
jected. Tlie latent period is shortened by 
wanning the solution to body tempera- 
ture. Volumes of local anesthetic solu- 
tions of 3 or 4 ml. injected intrathecally 
quickly attain body temperature. Large 
volumes, as in the case of Jones's solu- 
tion in which case 10 or 15 ml. are used, 
must be w'armed to body temperature, 
otherwise the onset of anesthesia is de- 
layed. 

MISCELLANEOUS FACTORS 
INFLUEXaNG SPINAL 
ANESTHESIA 

The direction in which the bevel of 
the needle is directed at the time of in- 
jectwu plays little or no part in deter- 
mining the level to which spinal anes- 
thesia extends. Much nonsense has been 
written about this unimportant, pica- 
yune detail. The solution is forced di- 
rectly forward regardless of the direction 
in which the bevel faces. The spinal 
fluid pressure likewise bears no relation 
to the dermatome segment to which the 
block extends. The molecular diffusion of 
local anesthetics is likewise insignificant 
in establishing levels. One should how- 
ever distinguish between turbulence and 
true diffusion. True or molecular diffu- 
sion consists of intermingling of the 
molecules of the drug with those of the 
solvent and the spinal fluid. Tnie diffu- 


sion in liquids is a slow process which 
may require hours or days before the 
mivlures become homogenous. Molecu- 
lar diffusion bears no relationship to 
turbulence or gravitational effects. Most 
of the migration of local anesthetics in- 
traspinally is due to turbulence which 
is initiated by tlie force of the injection, 
to volume displacement, or to the gravi- 
tational effect of liquids of different spe- 
cific gravity aided by position. Circula- 
tion of spinal Quid and the pulsations 
due to the heart beat or respiration, like- 
wise, have no effect on the level of 
spinal anesthesia which is attained. In- 
creases in venous pressure in the abdom- 
inal veins is transmitted to the pre- 
vertebral and intraspinal venous plexus. 
This in turn causes a decrease in sub- 
arachnoid volume in the vertebral col- 
umn. Tliis in turn is followed by cephalad 
displacement of the spinal Quid and 
whatever local anesthetic is present. 
“High” spinal anesthesia which inadvert- 
ently results from straining or any other 
maneuver which elevates the venous 
pressure in the abdominal veins is be- 
lieved to result from this change in 
hemodynamics. 

DISAPPEARANCE OF DRUGS FROM 
THE SUBARACHNOID SPACE 
The manner and rate of disappearance 
of local anesthetic drugs from the spinal 
fluid after intrathecal injection are of in- 
terest to the anestliesiologbt. It has been 
staled, rather empirically, that the oul- 
\vard transfer of substances from the 
cerebrospinal fluid to the blood is more 
rapid than the inward transfer. Recent 
studies with radioactive isotopes con- 
firm this belief. However, this free out- 
ward passage does not hold for some 
substances. Blood and its breakdown 
products may persist in spinal fluid for 
days. Radiopaque materials likewise are 
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knoAvn to remain in tl)e subarachnoid 
space for many clays, Tlie diffusible sub* 
stances obviously leave the spacje at a 
much more rapid rate. Yet, there are cer- 
tain substances which persist for a longer 
time than would ordinarily be antici- 
pated even though they are diffusible. 

Studies on the rate of elimination of 
local anesthetics are not too numerous. 
Some of the data is conflicting. A number 
of variable factors are no doubt respon- 
sible for the conflicting data. The volume 
of fluid injected, the dilution factor, vol- 
ume of spinal fluid, the chemical nature 
of the drug, the rate of penetration into 
or uptake by nerve tissue, and the rate of 
absorption into the blood are all variable 
factors which are difficult to assess and to 
control. The bulk of the evidence indi- 
cates that the concentration of the local 
anesthetic at the injection site falls quick- 
ly— within minutes, Koster and his co- 
workers studied the disappearance of 
procaine during spinal anesthesia in man. 
They injected 150 mgm. of the drug dis- 
solved in 3.5 ml. of spinal fluid in the sec- 
ond lumbar space. The initial concentra- 
tion at the injection site averaged 43 
mgm. immediately after mjection. With- 
in five minutes this fell to 2,9 mgm. per 
ml. of cerebrospinal fluid. The decline in 
concentration from then on occurred at a 
slower rate, requiring over an hour for 
almost complete disappearance. The 
curve initially is parabolic then a straight, 
declining plateau, Labat also reported 
similar findings. Bullock and MacDon- 
ald also noted that concentrations of 
local anesthetic drugs injected into the 
subarachnoid space of cats fell rapidly at 
the site of injection. The concentration is 
greatest, as one would suspect, at the 
site of injection and falls as one ascends 
the cord. Tlie quantity of drug absorbed 
into the systemic circulation and ex- 
creted into the urine is negligible. Bul- 


lodc found, in each case, that it amounted 
to less than 3% of the injected dose. The 
concentration in the blood during anes- 
thesia was likewise examined. In man, a 
half hour after induction the concentra- 
tion of procaine was less than 0.002%. Ap- 
parently the systemic absorption is ex- 
tremely slow and accumulation is negli- 
gible. These are data of older workers. 
^Vorkers in recent }'ears hav'e reported 
essentially similar findings, 

INFLUENCE OF VASOPKESSORS 
ON ABSORPTION 

In recent years vasopressors have been 
added to solutions of the local anesthe- 
tics to intensify and prolong the action. 
Of these epinephrine and norepineph- 
rine are tlie most effective. Tlie duration 
of action is prolonged as much as 60% 
with epinephrine and 55% with nor- 
epinephrine. Absorption of the local an- 
esthetic drug is retarded by vasocon- 
striction. The vasoconstrictors them- 
selves are also slowly absorbed. Sys- 
temic pressor effects are seldom observed 
following the intrathecal use of epi- 
nephrine, norepinephrine, epliedrine or 
other sympathomimetic drugs. One hour 
after injection of procaine and epineph- 
rine intraspinally the author and his as- 
sociates were able to produce ventricular 
fibrillation in dogs anesthetized with 
cyclopropane when the spinal fluid was 
withdrawn and injected intravenously. 
This indicated that the amine was still 
present and had undergone no change. 
No pressor responses were noted nor 
were there any cardiac irregularities 
even though the animals were anes- 
thetized with cyclopropane. 

Converse and liis associates have 
measured the decline in concentration of 
tetracaine combined with dextrose and 
epinephrine and compared the variations 
in concentration with controls in which 
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no epinephrine was used. The concen- 
tration of tetracaine in samples witfi- 
drawn 5 and 10 minutes after injection 
were higher in those to which epineph- 
rine had been added than in those with- 
out it. After 30 minutes more tetracaine 
was present in those in which epineph- 
rine was used. The pattern of the curves 
for the decline in concentration was sim- 
ilar to those obtained by previous 
workers. Vasopressors do not alter the 
physical properties of the anesthetic 
drug nor do they potentiate their effects 
directly. The evidence tliat tliey act by 
retarding absorption is not conclusive 
but is more than suggestive. 

CRITICAL LEVELS OF DRUGS 
Exact information on the minimal con- 
centration of local anestlietic agents in 
the cerebrospinal fluid necessary to 
block different types of nerve fibres is 
not available. Much data has been pub- 
lished but much of it is conflicting and 
of little practical significance. Many of 
the figures available are not accurate 
because the function of the individual 
nerve fibre studied is not specified. The 
concentration obviously varies with the 
nature of the drug, the type of fibre and 
the size of fibre. It is generally staled 
that about half the concentration is 
necessary to block sensory fibres as the 
motor fibres. The validity of this state- 
ment is open to question. Brodie, Hel- 
rich and tlieir co-workers found by in- 
troducing catheters inlralhecally that 
the critical level for procaine in man 
was 0.2 mgm. per milliliter for the dis- 
appearance of sensory anesthesia. Fig- 
ures for other drugs are not available. 

EFFECT OF CHEMICAL AGENTS 
ON NERVE TISSUE 

The most feared of the neurologic com- 


plications following spinal anesthesia is 
paraplegia due to arachnoiditis, myelitis 
and other non-specific inflammatory 
processes involving the cord and its cov- 
erings. This symptom-complex is often 
referred to as the “cauda equina syn- 
drome.” Fortunately this complication is 
extremely rare, but when it occurs it is 
catastrophic, nius, it is understandable 
tliat clinicians have focused their atten- 
tion on the role that the chemicals em- 
ployed for inducing the block may have 
in causing degenerative and irritative 
lesions. 

Most of the available evidence dis- 
counts local toxicity of the anesthetic 
drug as tlie major factor in causing neur- 
ologic complications. Too many spinal 
anesthetics using a variety of drugs have 
been administered too many times to 
too many patients without any compli- 
cations whatever to give any credence 
whatever that these drugs are neuro- 
to.xic. Some other factor besides contact 
with the chemical is involved. Contami- 
nants, either bacterial or chemical, have 
been incriminated. Among the chemical 
substances which might possibly play a 
role are detergents used for cleansing, 
antiseptics for cleansing the skin or 
caustic agents used for cold sterilization 
of glass ampules. Tlie possibility that im- 
properly prepared solutions are respon- 
sible cannot be discounted. The possibil- 
ity that tlie drug may precipitate in the 
spinal canal due to alkalinity and cause 
damage to the cord has been suggested 
but has no factual basis. This is dis- 
cussed in previous paragraphs. 

TONICITY OF SOLUTIONS USED 
FOR SPINAL ANESTHESIA 

The possibility that tonicity of the 
solution used for spinal anesthesia may 
be a factor is unlikely and likewise may 
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be dismissed along with factors men- 
tioned in previous paragraphs, ^fost 
solutions of local anesthetics used for 
spinal anesthesia are not isotonic. How- 
ever the injected solution quickly dis- 
perses and mixes with the spinal fluid 
and becomes isotonic with the nervous 
tissue. The fact that hypotonic solutions 
injected intraspinally cause a temporary 
and prompt rise in venous pressure sug- 
gests that compensatory mechanisms for 
maintaining tonicity begin to operate 
promptly and correct the discrepancy 
quickly. 

CHANGES IN COMPOSITION CAUSED 
BY SPINAL ANESTHESIA 
Data on changes in composition of 
cerebrospinal fluid after spinal anes- 
thesia are not in full agreement as far as 
details are concerned but agree in mat- 
ters of generalization. Changes for the 
most part are transient and insignificant. 
The results vary with the technique, the 
drug, duration of the block and the time 
of examination of the fluid. In some cases 
the changes persisted for 24 hours or 
less; in others they persisted for three 
or four days. In most instances the 
changes are minor. In most cases the 
cerebrospinal fluid of patients undergo- 
ing operation using spinal anesthesia in- 
duced with procaine, tetracaine and 
piperocaine have been examined. The 
usual anesthetic doses of the drug were 
employed. Most workers report some in- 
crease in the number of cells. Usually 
these have been in the lymphocytes and 
not in the polymorphonuclear ceUs, The 
number varies but the increase is not 
significant and compares in no way with 
tlie leukocytosis due to bacterial infec- 
tion. Several reports mention isolated 
cases in which the number of leukocytes 
has exceeded several thousand per ml. 


The protein content, particularly the 
globulin, is increased in one-third of the 
patients receiving spinal anesthesia. 
Some increase in dextrose levels, and av- 
erage of 3-4%, has also been observed. 
The colloidal gold curves are not altered, 
as a rule. No significant changes in the 
N.P.N., chloride and globulin levels have 
been observed for as long as three weeks 
after the lumbar puncture was per- 
formed. Changes which occur in tlie 
cerebrospinal fluid following spinal an- 
esthesia apparently appear in the im- 
mediate post-anesthetic period and are 
transient and are not associated with any 
clinical signs or symptoms. One fact that 
is often overlooked is that in all the re- 
ported studies the effect of simple lumbar 
puncture itself without the injection of 
fluid or drugs may also cause changes. 
The tendency in the reports is usually to 
tacitly incriminate the drug. 

INTRACRANIAL PRESSURE 
AND ANESTHESU 
The fact that all inhalational anes- 
thetics increase intracranial pressure has 
been widely accepted. This is now 
known to be fallacious. Elevations in 
intracranial pressures during general an- 
esthesia are insignificant if ventilation is 
adequate. Increases during anesthesia 
are due to vasodilatation. The most of- 
fensive agent in this regard is carbon 
dioxide. Thus, any factor which fa\’ors 
obstruction of respiration or hypoven- 
tilation tends to cause a retention of 
carbon dioxide which elevates the in- 
tracranial pressure. The vasodilatation in 
turn increases the brain volume and 
thereby the overall intracranial pressure. 
Morphine and narcotics of similar po- 
tency raise the pressure by decreasing 
ventilation. If the airway is patent and 
ventilation is augmented most inhala- 
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tional anesthetic agents cause slight or 
no increases in intracranial pressure. 
Chloroform, ether, vinyl ether, nitrous 
oxide, Fluothane, ethyl chloride, trichlor- 
ethylene and ethylene all cause no sig- 
nificant changes. 

Anoxia causes a marked increase in 
intracranial pressure. There are two rea- 
sons for this. Anoxia is usually accom- 
panied by carbon dioxide retention. An- 
oxia also causes an increase iir permeabil- 
ity of the blood-fluid barrier. Anoxia of 
more than several minutes duration may 
raise intracranial pressure by increasing 
capillary permeability and causing a 
perivascular and pericellular transuda- 
tion of fluid (cerebral edema). 

Intracranial pressure influences sys- 
temic blood pressure. In an attempt to 
maintain a balance the blood pressure 
tends to parallel tlie intracranial pres- 
sure— an elevation causes a rise in blood 
pressure— a decline causes a fall. On the 
other hand the vascular system of the 
brain has autonomous control. An eleva- 
tion in blood pressure does not necessar- 
ily cause a parallel proportionate in- 
crease in intracranial pressure. The brain 
protects itself from excesses in systemic 
Ixypoteuxvve slates 
an attempt is made to maintain adequate 
cerebral blood flow. However, these 
mechanisms operate up to a point after 
which the intracranial pressure changes. 

EFFECT OF DRUGS 

Drugs which depress the x'asoraotor 
center and cause hjpotension produce a 
concomitant fall in intracranial pressure. 
Certain basal narcotics allegedly cause a 
decrease in intracranial pressure. Tli^ 
do so by depressing the vasomotor cen- 
ter and causing the systemic blood pres- 
sure to fall which in turn causes the in- 
tracranial pressure to decline. Avertin, 


hexobarbital and other ultra short act- 
ing barbiturates ordinarily cause no 
change but if circulatory depression is 
present they act in this manner. Tliese 
drugs often cause an elevation in intra- 
cranial pressure because they depress 
the respiratory centers and produce hy- 
poventilation. Pure oxygen causes some 
certbral vasoconstriction and lowering 
of intracranial pressure. The brain vol- 
ume is decreased during intentional hy- 
pothermia or hypotension xvith gangli- 
onic blocking agents. 

Tlie intracranial pressure is elevated 
by coughing, straining, or bucking dur- 
ing intubation when a patient is light, 
by retching, vomiting, and struggling due 
to stormy induction and by airway ob- 
struction, or agitation and excitement 
during recovery. Such elevations in pres- 
sure are associated with increases in ven- 
ous pressure whicli in turn affects brain 
volume. Tlie volume in the cranial vault is 
diminished during deliberately induced 
hypothermia. Tlie fall in pressure Is pro- 
portionate to tlie fall in venous pressure 
and averages 5.5^ per degree Centrigrade 
temperature reduction in the 35'’-25* 
range. 

CEREBRAL EDEMA 

Cerebral edema (brain swelling) must 
be distinguished from inflation. The lat- 
ter results from dilatation of the ventri- 
cles, blood vessels and cisternal. Inflation 
is caused by the same factors which 
cause increases in intracranial pressure. 
Inflation occurs quickly— in a matter of 
minutes. Swelling or edema on the other 
hand may be insidious in onset, comes 
about in a matter of hours or days and 
persists for some time. Inflation, witli 
proper measures can be made to subside 
quickly; cerebral edema cannot. The 
mechanisms causing cerebral edema are 
not known with certainly. 



CHAPTER 32 


Anesthesia and Liver Function 


FUNCTIONS OF THE LIVER 

T he role of the lister in surgery is 
repeatedly stressed. The possible 
deleterious effects of anesthetics upon 
the liver have been recognized for some 
time. Changes in the functional status 
of the liver are difficult to evaluate since 
the functions are multiple and no tech- 
nique of assessment evaluates them all 
simultaneously. The majority of tests 
give information on one function only. A 
detailed discussion of the functions of 
the liver is beyond the scope of this 
book. However, a brief resume is in- 
cluded to assure a clearer understanding 
of the data during anesthesia. Practically 
all hepatic functions are of a biochem- 
ical nature. Certain of these may be 
grouped together because they are close- 
ly related. 

Functions Related to Nutrition 
(1) The first group of related functions 
includes those concerned with nutrition. 
Tlie liver’s role in nutrition and the me- 
tabolism of proteins, fats and carbohy- 
drates is a matter of common knowledge. 
Not only are carbohydrates stored as 
glycogen, but various he.voses absorbed 
during digestion are converted to forms 
which can be used or stored by the or- 
ganism. Fructose, galactose, mannose, 
and other sugars not utilizable by the 
body as such are transported to the liver 
and converted to glucose and glycogen. 


Amino acids obtained by the hydroly- 
sis of proteins pass from the gastro- 
intestinal tract into the portal s}'stem and 
thence to the liver, where they are either 
utilized or distributed to the tissues. The 
unused amino acids are deaminized and 
converted to carbohydrates or fats. The 
nitrogen from the deaminization is com- 
bined with carbonic acid and is con- 
verted to urea which is eliminated as a 
waste product. Plasma proteins also are 
synthesized and stored in the liver. Fi- 
brinogen, the protein so essentia! for 
blood clotting, prothrombin and heparin 
are also formed in the liver. Purines 
derived from nucleoprotein are converted 
to xanthines and then to uric acid which 
is excreted or destroyed. 

Tlie liver acts as a temporary storage 
for Fats. Esterification of sterols with 
fatty acids, phosphorylization of fats and 
formation of unsaturated fatty acids also 
occur in the liver. Beta oxidation and 
formation of ketone bodies likewise oc- 
curs in the liver. It is worth noting that 
functions concerned with nutrition de- 
pend upon the capacity of the liver to 
alter substances chemically. 

EXCRETORY FUNCTIONS 

(2) The second group of similarly-re- 
lated functions includes those concerned 
with excretion and secretion of various 
substances by the hepatic cells. The pro- 
duction of bile by tlie reticuloendothelial 
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system of the liver, bone marrow, and 
other tissues, and its subsequent axcre- 
tion by the hepatic cells is a most im- 
portant function. Bilirubin and biliveri- 
din which are formed by degradation of 
hemoglobin are the two most important 
bile pigments handled by the liver. The 
liver also excretes drugs and other chem- 
icals foreign to the body. The liver se- 
cretes bile salts, lipoids and other sub- 
stances. These are then conveyed 
through tlie biliary passages to the in- 
testinal tract or gall bladder. 

(3) A third group of similar functions 
includes those concerned with the ca- 
pacity of the liver to store essential sub- 
stances. Besides lipoids, carbohydrates, 
proteins, the liver stores vitamins, en- 
zymes and essential metals, such as iron, 
manganese, and copper and otlier vital 
substances in the hepatic cells. 

Detoxifyinc FoNcnovs 

(4) A fourth group of similarly-related 
functions includes those dealing with 
the poxver of the liver to detoxify or alter 
substances foreign to the body. Detoxifi- 
cation, also kno^vn as biolransformalion, 
is the biochemical conversion of a phys- 
iologically active substance to one which 
is physiologically inactive. These chemi- 
cal reactions are catalyzed by enzymes. 
Oxidases, esterases, dehydrogenases, am- 
inases are some of the enzymes found in 
the liver which accelerate the constantly 
occurring chemical reactions in this or- 
gan. 

iNomnuAi, Functions 

Certain functions are individual and 
cannot be grouped together. Among 
these are blood volume regulation, heat 
formation, body temperature control and 
blood cell formation (embryonic). 


Factors Influencing Function 

The functions of the liver are influ- 
enced by physiological and pathological 
disturbances occurring elsewhere in the 
body. Changes in arterial and venous 
pressure, blood flow, anoxemia, Iiyper- 
carbia and pyrexia may cause a depres- 
sion of liver function. Toxic substances, 
either endogenous or exogenous, hor- 
mones and neurogenic stimuli, may in- 
fluence the activity of the liver. The liver 
is peculiar in one respect. At times it 
appears to be very resistant to noxious 
agents while at other times it is so sus- 
ceptible. Certain functions may be easily 
depressed by a given agent while others 
remain intact. This may he true even 
though the bulk of the parenchyma is 
destroyed. A sliglit change in physio- 
logical activity, a brief exposure to cer- 
tain drugs, anoxemia, and other deleter- 
ious agents may initiate marked depres- 
sion of one or more functions. 

A notewortliy fact is that a substance 
which Is altered by the liver does not 
necessarily harm the organ or depress its 
function while one that is not metabo- 
lized proves to be noxious. Chloroform, 
for erample, is not altered chemically by 
the tissues but is capable of causing 
severe injury to the liver. Thiopental, on 
the other hand, is detoxified entirely by 
the liver, but causes no changes in func- 
tion or damage to the parenchyma. 

TESTS OF LIVER FUNCTION 

Most tests of liver function have a 
biochemical basis. Many of the cur- 
rently used tests are allied to each other 
in basic chemical behavior and may, 
therefore, be grouped together. Tliese 
are as follows: 

(1) Tests which measure the power of 
tlie liver to transform non-metabolizable 
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substances to forms which are easily 
assimilated by tissue cells. The galactose 
tolerance test assesses the ability of Ae 
liver to convert carbohydrates to glu- 
cose. Forty grams of galactose are ad- 
ministered orally. The urinary excretion 
is followed. Elimination of more than 4 
or 5 grams unchanged indicates hepatic 
dysfunction. The fructose tolerance lest 
does likewise. In this case the blood 
sugar curve is followed as is done in the 
glucose tolerance test. The ability of the 
liver to deaminize amino acids may be 
measured by studying the tolerance to 
gelatin. The rate of formation of urea 
and uric acid has been proposed as a 
test of function but is not practical clin- 
ically. Disturbances of liver function 
may sometimes be reflected by changes 
in hpoid metabolism. Elevations in blood 
cholesterol are indicative of this. Blood 
cholesterol levels are elevated in some 
types of hepatic disease. 

(2) Tests which measure the efficacy 
of the liver to excrete or secrete endog- 
enous substances. Examination of bile, 
since it contains both the secretions and 
excretions of the liver, yield useful data. 
This is not practical in man, however, 
because bile is not easily collected. Once 
bile passes into the intestinal tract it 
undergoes considerable alteration. Pig- 
ments are reduced to urobilin, and the 
salts are utilized in fat absorption or are 
reabsorbed. However, in animals, the 
gall bladder can be isolated and the bile 
can be collected quantitatively. Useful 
data have been obtained by this tech- 
nique. Ordinarily traces of bile pigments 
are found in blood. When disturbances 
of li\'er function are severe, bile pig' 
ments may accumulate in blood in ex- 
cess. Blood may then be analyzed di- 
rectly for bilirubin content. The icteric 


index is a colorimetric method for 
roughly estimating the concentration of 
bile pigments in serum. The color of 
serum is compared with a standard of 
aqueous potassium dichromate and the 
result is expressed in units. Five units or 
less is normal. Von Bergmann and Eil- 
boU devised a test based upon the ca- 
pacity of the liver to excrete bile pig- 
ments, Sterile solutions of pure bilirubin 
are administered and the rate of disap- 
pearance from the blood stream is de- 
termined colon'metrically. The test is not 
practical because pure bilirubin is diffi- 
cult to prepare in quantity. 

The Van den Bergh test is a precise 
method used to detect and quantita- 
tively estimate bilirubin. The bile pig- 
ments in blood are combined with pro- 
tein and are, therefore, colloidal in na- 
ture. Tlje protein Is removed and the pig- 
ment is converted into a more soluble 
and stable form on passage through the 
liver ceUs. Bilirubin which has passed 
through the liver cells and has been 
divested of its protein produces an im- 
mediate pink color with the diazo re- 
agent (nitrous oxide and sulphanilic 
acid). On the other hand, the colloidal 
form (that \vhich is in blood which has 
not passed through liver cells) does not 
produce the color or does so after a pe- 
riod of time (delayed reaction) unless 
alcohol is added in which case the reac- 
tion is immediate. The latter reaction is 
often termed the indirect reaction, the 
former the direct. An indirect response 
usually indicates that liver cells are un- 
able to excrete pigments or that forma- 
tion is so rapid that an excess accum- 
ulates due to inability of the liv’er to 
P^ce with production. Tlifs hap- 
pens when hemolysis occurs. In obstruc- 
tive jaundice, the direct response is us- 
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ually obtained. This indicates that tlie 
pigments have been excreted by the liver 
cells but in some manner have found 
their way back into the blood. The pro- 
tein freed of pigment is excreted by the 
kidney; the protein combined is not. The 
Van den Bergh test is useful in studies 
of severe liver disease or blood dyscra- 
sias. BiJirttbin and biUveridin are re- 
duced to urobilin in the small intestine 
due to the action of bacteria. Urobilin is 
brown but may be reduced further to 
urobilinogin which is colorless. Urohi- 
liiwgin is absorbed from the intestines 
and is either reconverted to bilirubin 
and biUveridin or passed into the urine 
unchanged. Increase of any urine uro- 
bilinogin indicates increased bile excre- 
tion by the liver. 

All three tests, the icteric index, the 
Van den Bergh, and the von Bergmann 
measure the capacity of the liver to ex- 
crete endogenous substances. 

(3) Tests which measure the capacity 
of the liver to excrete foreign or exoge- 
nous substances. The most useful of this 
type measures the ability of the liver to 
eliminate dyes. A number of dyes may 
be used but the type derived by 
halogenation of sulplithalein is used 
most frequently. Tlie bromsulphtlialein 
(B.S.P.) is the most widely-employed for 
hepatic function studies under anes- 
thesia. The dye is injected intravenously 
after which specimens of blood are with- 
dra\vn at specified intervals, usually 15, 
80 and 45 minutes. The dye in the serum 
is estimated colorimetrically. Clearance 
is delayed if hepatic function is dis- 
turbed. Five mgm. per kilo of body 
weight injected intravenously are us- 
ually cleared within fifteen minutes in 
man. Tliese dyes are excreted into the 
bile. This test is used in anesthesia and 
surgical research because it excludes v-ar- 


iable factors such as failure of a sub- 
stance to be absorbed, as is the case with 
the galactose and fructose tolerance 
tests, or failure to be cleared by the kid- 
ney as is the case with the hippmic acid 
test described below. 

(4) Tests based upon the ability of the 
liver to detoxify exogenous substances. 
Tlie most widely employed test of this 
type is that devised by Quick which 
measures the capacity of the liver to 
detoxify benzoic acid. Benzoic acid is 
conjugated with the endogenously oc- 
curring amino acid, glycine, to form ben- 
zoyl glycine or hippuric acid. Six grams 
of sodium benzoate are taken orally or 
are injected intravenously. Hourly urine 
specimens are collected over a period 
of four liours. Three grams of benzoic, 
in the form of hippuric acid, are usually 
excreted by a normal adult liver in this 
time interval. This test is influenced by 
changes in urinary excretion or intestinal 
absorption. It, therefore, yielded less sat- 
isfactory data for anesthesia research 
than some of the others. The uncertain- 
ties due to variabilities in renal clear- 
ance may be averted by using paramino 
benzoic acid. Tliis substance is conju- 
gated to paraminohippurate which may 
be determined colorimetrically in a sam- 
ple of blood collected one hour after the 
administration of a test dose of the me- 
tabolite. 

(5) Tests based upon the concentra- 
tion and the chemical nature of certain 
plasma proteins. These tests indicate the 
liver’s capacity to synthesize circulating 
proteins. Among these are those neces- 
sary for coagulation, such as fibrinogen 
and prothrombin. The prot/irom&tn 
time, for example, is a very sensitive test 
of liver function because it indicates the 
liver’s ability to form prothrombin. Tliis 
test cannot bo used when biliary ob- 
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struction is present. An adequate vita- 
min K concentration in the liver is not 
assured in these circumstances. Vitamin 
K is necessary for the formation of pro- 
thrombin. It is not absorbed if bile is 
absent in the intestine. Plasma drawn 
from the patient is added to a mixture 
of specially prepared thromboplastin 
and iodized calcium. Clotting occurs 
promptly if prothrombin levels in the pa- 
tient’s plasma are normal. Clotting time 
is delayed if there is a decrease in cir- 
culating prothrombin. The test is not 
positive in many cases until a graph 
based upon normal values is used to cal- 
culate the prothrombin time, 

Tlie liver is the chief site for the syn- 
thesis of plasma albumins and globulins. 
Plasma albumin levels may be depleted 
due to failure of synthesis of the pro- 
teins or to unreplaced loss through kid- 
neys or the vascular bed. Abnormal pro- 
teins may also form. The absence of the 
protective action of albumin or the al- 
terations in gamma globulins due to 
hepatocellular destruction causes floccu- 
lation of emulsions of cephalin and other 
reagents. A barbital buffered supersat- 
urated solution of thymol becomes tur- 
bid when mixed with serum from a pa- 
tient with liver disease. The Takata-Ara 
test, which is no longer used, is based 
upon the fact that increased concentra- 
tion of abnormal globulins in the serum 
give flocculation responses not given by 
normal proteins. The zinc turbidittf test 
depends upon the low solubility of zinc 
compounds of gamma globulin in solu- 
tion. Hangers test depends upon the 
ability of serum of patients with hepato- 
cellular disease to flocculate cephalin- 
cholesterol emulsions. The intensity of 
the reaction is proportional to the extent 
of the disease. 

(5) Tests based upon the presence of 


hepatic enzymes in plasma. Alkaline 
phosphatase is normally excreted in large 
amount by the liver into the bile. High 
blood levels indicate failure of the en- 
zyme to pass into the bile. This may re- 
sult from impaired hepatic activity. Con- 
sidered alone the test is of no value. 
When considered with other tests of 
liver function a high level may be sig- 
nificant. Transaminase activity is high in 
patients with acute hepatic cell injur)'. 
Elevations may also be due to changes 
elsewhere. Decreased blood flow, ele- 
vations in central venous pressure, 
anoxia, hypercarbia, epinephrine release, 
the degree of hydration, electrolyte 
balance and other factors in the pre- 
operative state and during operation 
may induce changes, These changes are 
not specific for a drug. Instead they are 
due to secondary influences precipitated 
by the drug. It is not always possible 
to exclude these factors in evaluating 
laboratory and clinical data. Results in 
operated patients are variable and are 
influenced to a large extent by the type 
and duration of operation, the nature of 
the surgical disease and any co-existing 
disease. There is mounting evidence that 
liver impairment after operation is un- 
related to the type of agent used for 
anesthesia, but that it is associated with 
the preoperative status of the patient and 
the extent of the surgical procedure. The 
most pronounced impairment occurs in 
patients of questionable preoperative risk 
and who undergo formidable and exten- 
sive surgical operations. Nonetheless, the 
data obtained under controlled condi- 
tions continue to remain of interest. 

Texts op Function Dumng Anesthesia 
Using Dyes 

The bromsulphthalein (B.S.P.) test has 
been employed extensively in ‘ 
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of hepatic function during and following 
anestliesia in both animals and man. 
Bourne and his associates and Coleman 
were among tire earlyinvestigators to em- 
ploy the test for anesthesia research. Oth- 
ers since then have continued to use the 
test to study injury due to halogenated 
hydrocarbons, hepatitis, and other liver 
diseases. The test is positive in other clin- 
ical conditions also. The test may be sig- 
nificant if other sources of protein de- 
struction may be e.xcluded. Senmi cho- 
linesierasc activity likewise may be used 
as an index of hepatic activity since this 
enzyme is also elaborated by the liver. 

Numerous other tests of liver function 
have been proposed. Each has its ad- 
vantages and limitations. However, they 
are not relevant to this discussion and 
cannot be included here. 

ANESTHESIA AND LIVER FUNCTION 

Innumerable reports have appeared 
over the years in the medical literature 
concerning the changes in function dur- 
ing anesthesia caused by various single 
drugs or drug combinations. The earlier 
reports summarized data using dye ex- 
cretion tests with single agents. More 
recent reports include data obtained us- 
ing multiple agents and a battery of 
tests in which four or five functions are 
determined simultaneously. It was sup- 
posed at first that derangements in func- 
tion were largely due to the effect of the 
drug upon the hepatic cells themselves. 
The thinking has shifted in recent years. 
It is now believed that the effects of 
anesthesia upon the liver are secondary 
to changes in other organ systems re- 
mote from the liver. The changes in the 
liver are merely secondary. Of the 
major anesthetic agents, the volatile liq- 
uids (ether and chloroform) markedly 
impair the ability of liver cells to clear 


this dye from the blood. The degree of 
impairment varies with the duration and 
depth of anesthesia. In dogs, chloroform, 
for even as short a period as a half hour, 
produces impairment of excretion of the 
dye for as long as eight days. Ether in 
dogs produces an impairment in excre- 
tion which disappears the next day. 
Ethylene and nitrous oxide (without an- 
oxia) and cyclopropane do not influence 
clearance time in either dogs or man. 
Repeated administration of cyclopropane 
does not change the capacity of the 
organ to excrete the dye in dogs. Anes- 
thesia complicated by anoxemia or by- 
percarbia markedly diminishes the ca- 
pacity of the liver to excrete the dye. 
Recovery of function is delayed for 
longer periods if anesthesia is compli- 
cated by anoxia. In operative man, Cole- 
man noted an impairment of excretion of 
the dye for several days. In half tlie pa- 
tients anesthetized with ether the im- 
pairment persisted for as long as seven 
days. Coleman also reported a delay in 
dye excretion following nitrous o-xide 
anesthesia. Satisfactory anesthesia with 
nitrous oxide as the sole agent in man is 
usually obtained only witli some degree 
of anoxia. Thus, the effects of anoxia 
cannot be excluded from these studies. 
Divinyl ether does not alter the capacity 
of the liver to excrete the dye unless an- 
esthesia is complicated by anoxemia. 
Similar results have been obtained using 
ethyl vinyl ether and trifiuorethyl vinyl 
ether. Halothane (Fluothane) suppresses 
dye excretion to tlie same extent as ether. 
Impairment of dye excretion follows 
lire use of trichlorethylenc in surgical 
depths. The hulogenatcd hydrocarbons 
as a class are hepatotoxic and cause var- 
iable suppression of hepatic function. 
Histologically discernible hepatocellular 
changes maj' follow. Dye excretion is 
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not seriously impaired in subjects un- 
dergoing surgery anesthetized with 
spinal anesthesia. Spinal anesthesia, 
epidural block and other forms of re- 
gional anesthesia cause no impairment 
in function unless hypotension develops 
which is not corrected. Local anesthesia 
(infiltration) likewise causes no change 
in bromsulphthalein elimination in op- 
erated man. Dye excretion may be im- 
paired from tliree to seven days after 
deliberately inducing hypotension with 
high spinal anesthesia or a ganglionic 
blocking agent. Dye excretion is im- 
paired after hypothermia if a hypoten- 
sion occurs. 

Non-volatile drugs used for premedi- 
cation or basal narcosis, as a rule, do not 
affect dye elimination unless they cause 
hypoventilation or hypotension. Basal 
narcosis with thiopental causes no im- 
pairment in dye excretion unless large 
doses are used and prolonged respiratory 
or circulatory depression occurs. Results 
using other ultrashort acting barbitu- 
rates, such as thiamylal or hexobarbital 
are similar to those with thiopental. 

Morphine causes an impairment in 
dye excretion of variable duration de- 
pending upon the degree of depression. 
Barbiturates in therapeutic amounts have 
little appreciable effect upon the ability 
of the liver to excrete dyes. Paraldehyde 
decreases the capacity of the liver to ex- 
crete dyes. Tribromethanol in basal nar- 
cotic doses causes an impairment in dye 
excretion which does not return to nor- 
mal for as long as seven days. Adjtmctive 
drugs, such as atropine, scopolamine, the 
muscle relaxants and respiratory stimu- 
lants do not influence dye excretion. 

Total body hypothermia does not in 
itself cause damage to the liver. How- 
e^’er the general chemical reactions car- 
ried on by the liver are slowed down in 


proportion to the decrease in tempera- 
ture. Detoxification of drugs proceeds at 
a decreased rate. There appears also to 
be a greater susceptibility to drugs which 
are ordinarily toxic to the liver. 

Asestiiesia akd Secretion of Bile 

Molitor studied the effect of-various 
anesthetics upon bile secretion in rabbits 
by isolating the gall bladder and collect- 
ing the bile secreted. The bile was rein- 
jected into the duodenum in order to 
disturb circulation of bile as little as pos- 
sible. Secretion was depressed when the 
chloroform was inlialed with air. Chloro- 
form inhaled with oxygen produced a 
less-pronounced effect. Low concentra- 
tions of inhaled ethyl ether stimulate bile 
flow. Deeper ether anestliesia caused the 
flow to approach that of unanesthetized 
animals. Vinyl ether did not alter bile 
flow curves. Nitrous oxide with 203 oxy- 
gen produced no change. However, if 
anesthesia was accompanied by anoxia 
a marked fall in secretion occurred Anox- 
emia induced by 1003 nitrous oxide com- 
pletely inhibited flow of bile. Ethylene 
with adequate oxygenation produced no 
change. Cyclopropane with 75% oxygen 
produced an increase in bile secretion. 
Changes in the composition of the bile 
were not noted. Mann and his co- 
workers performed similar experiments 
using etlier but obtained somewhat dif- 
ferent results. Ether inhibited bile flow 
in their studies. 

Tribromethanol causes an increased 
bile flow. The composition of the bile, 
likewise, is changed. Less bih'rubin was 
present per unit volume of bile, but the 
total bilirubin excretion was the same as 
in unanesthetized controls. Both the rela- 
tive and absolute concentrations of bile 
salts u'ere decreased during tribrometh- 
anol narcosis. 
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Chloroform anesthesia is accompanied 
by a transient rise of bilirubin in blood 
and of urobilin in urine. These pigments 
persist in abnormal amounts for several 
days. In prolonged chloroform anesthesia 
in dogs, the icteric index also may rise. 
Starvation, ano.xia, and preoperatlvc 
feeding of large quantities of fats pre- 
dispose to hepatic damage with chloro- 
form. Volatilizing the chloroform with 
oxygen or the preoperative feeding of 
glucose and xanthines minimizes dam- 
age to liver in e.xperiments on animals 
anesthetized with chloroform. 

Anesthesia and Synthetic Functions 
The effects of anesthesia upon syn- 
thetic functions of the liver have been 
studied to a lesser extent than the dye 
e.vcretory function. These tests are tecli- 
nically more difficult to perform than 
the dye excretion tests. Boyce and his 
associates and Sclimidt and his co- 
workers studied hepatic function in op- 
erated man using the hippuric acid test. 
Boyce noted a decrease in symtheslzing 
power in almost half of the subjects 
anesthetized with spinal anesthesia. 
Schmidt obtained no change of function 
using spinal oncsthesio unless a hypoten- 
sion complicated the procedure. Pre- 
sumably the diminished capacity to con- 
jugate benzoic acid following spinal an- 
esthesia was due to anoxemia or dimin- 
ished blood flow associated with the hy- 
potension characteristic of this proce- 
dure. Ether and ethylene also produced 
similar but less intense changes. Ether 
produces a decrease in function with the 
test in all subjects studied in Schmidt's 
series. Function was depressed approx- 
imately 353 but returned to normal 
within a week. Tribromethanol caused 
reduction in function from 53 to 303. No 
changes were noted in this test during 


local anesthesia in subjects to whom 
morphine or amytal was administered 
for sedation. 

Glycogen Storage 

The capacity for storage of glycogen 
by the liver is also disturbed by anes- 
thesia. Chloroform and ether anesthesia 
quickly deplete its glycogen stores by 
causing glycogenolysis. Tlie response is 
due to the release of epinephrine or sym- 
pathetic stimulation. A concomitant ele- 
vation in blood sugar occurs. Clinically 
insignificant elevations in blood sugar 
occur with cyclopropane, ethylene, ni- 
trous oxide, vinyl ether, halothane, 
thiopental, spinal and regional anes- 
thesia. General, well-defined rises in 
blood sugar occur if anoxia or hypoven- 
tilation complicate anesthesia, Tlie liver 
under ordinary circumstances converts 
lactic acid to glycogen. During anes- 
tliesla, particularly with chloroform and 
ether or during anoxemia, the organ does 
not seem to be able to accomplish this. 
Liver glycogen is depleted during mor- 
phine narcosis and in some cases during 
barbiturate narcosis when respiration is 
depressed. 

Protein Metabolism 

Tlie ability of the liver to form urea 
is not, as a rule, hindered until consider- 
able damage to or destruction of pa- 
renchyma occurs. During ether anes- 
thesia, urea formation is not decreased. 
In some cases It is increased. 

Blood Coagulation and Lmni 
FuNcnoN 

Tests of liver function dependent 
upon the case of coagulation of blood 
yield little data of practical significance. 
Plasma fibrinogen is reduced by hepatitis 
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due to chloroform, carbon tetrachloride 
and other halogenated compounds. Co- 
agulation time is slightly prolonged dur- 
ing chloroform but is shortened during 
ether, ethylene, avertin, and nitrous ox- 
ide anesthesia. No change in coagulation 
time occurs during surgical anesthesia 
with cyclopropane. However, these 
changes are so slight that they are of 
little clinical significance. Changes in 
coagulation time are not necessarily the 
result of depression of hepatic function. 
More likely they are due to changes in 
composition and reaction of tissues and 
blood. Prothrombin time is significantly 
prolonged after chloroform anesthesia. 
Other anesthetic agents appear to influ- 
ence prothrombin time little if at all. 
Even when prothrombin is deficient pre- 
operatively no further change in pro- 
thrombin time is noted if such patients 
are anesthetized with the currently em- 
ployed agents. 

HISTOLOGICAL CHANGES DUE TO 
ANESTHETIC DRUGS 

Derangements in the liver function 
are not necessarily associated with dis- 
cernible histological changes in the liver. 
A marked degree of functional impair- 
ment may exist and yet the cells appear 
to be normal on histological examina- 
tion. Some drugs, however, are notorious 
for their effects on the liver; notably the 
halogenated hydrocarbons. 

Halogenated aliphatic hydrocarbons 
are hepatotoxic in varying degrees. The 
most toxic appear to be the single car- 
bon chlorinated and brominated deriva- 
tives. Both chloroform and carbon tetra- 
chloride may initiate histological changes 
and s\Tnploms of hepatitis. The response 
is delayed for several days after anes- 
thesia. The microscopic changes xvith 
chloroform may appear as early as six 


hours. The exact mechanism which 
causes the hepatitis is not known. How- 
ever, vasospasm appears to be the most 
probable cause. Other halogenated hy- 
drocarbons may produce the same effect 
but to a lesser degree. The possibility 
that the drug interacts with substances 
in the tissues to form compounds toxic to 
the hepatic cells has been suggested but 
never proved. The cells in the center of 
the lobule are the most susceptible in 
chloroform poisoning. Clinical signs of 
severe hepatic insufficiency develop. 
Jaundice, bile in the urine, increased 
serum bilirubin, increased icteric indejc 
and tendency to hemorrhage are all pres- 
ent. Lipoid, carbohydrate, and nitrogen 
metabolism are disturbed. Fat accu- 
mulates in the liver. Glycogen storage is 
impaired. Galactose and fructose toler- 
ance tests are impaired. The capacity to 
form urea is lost. The deaminization of 
amino acids does not occur, Therefore, 
these acids increase in blood and appear 
in urine. Capacity to form uric acid is 
disturbed. Urea formation may not be 
disturbed until a very large part of the 
liver is damaged, however. The hepatitis 
appears to be less frequent with unsat- 
urated halogenated hydrocarbons. The 
histological changes characteristic of 
chloroform have not been observed after 
the use of halothane. 

Divinyl ether in repeated administra- 
tions also causes a central necrosis of 
the liver lobule in dogs. Single admin- 
istrations do not do so unless the anes- 
thetic is complicated by anoxia. Halo- 
genated alcoljols and aldehydes, unlike 
the halogenated hydrocarbons do not 
cause histological changes in the liver. 
During total body hyperthermia the 
liver appears to be more susceptible to 
toxic effects of drugs. Vinyl ether causes 
a definite central necrosis. 
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Conclusions 
It seems apparent that more than one 
function Is disturbed by anesthesia and 
that the varying degrees of impairment 
of function which are noted are difficult 
to assess from a clinical standpoint. The 
impairment is most likely due to a sec- 
ondary and possibly remote cause and 
not to the influence of the drug on the 
hepatic cells themselves. The changes 
in function vary little among the major 
agents, such as ether, fluothane, cyclo- 


propane and so on. Function is influenced 
to a large extent by anesthetic tech- 
niques, preoperative status of the patient 
and the magnitude, duration and sever- 
ity of the surgical procedure. Heretofore 
clianges in hepatic function and their 
direct relationship to the effect of anes- 
thetic drugs per se have been over-em- 
phasized. The drugs are now believed 
to play a secondary role in causing the 
dysfunction. Dysfunction is not related to 
the liver’ s role in detoxification of a drug. 



CHAPTER 33 


Effects of Anesthesia Upon Formation 
and Composition of Urine 


STIiUCTUHE AND FUNCTION 
OF THE NEPHRON 

T ide function of the kidney is to 
maintain the composition of the 
bJood constant to suit the body needs. 
The interchange between the intercellu- 
lar fluid and blood tends to oppose this 
constancy of blood composition. The 
normal human Icidney is composed of a 
million or more nepliric units called 
nephrons. Each of these units is com- 
posed of a glomerulus and a tubule. The 
glomerulus and the tubule are supplied 
with the same arterial blood. An afferent 
arteriole first carries the blood to the 
glomerulus. An efferent arteriole then 
carries this arterial blood from the glo- 
merulus to the tubule. The glomerulus 
filters crystalloids and small sized col- 
loidal particles while the tubules secrete 
various substances and absorb others. 
Each portion of the unit functions sepa- 
rately. The blood flow through the neph- 
ron is fairly constant. It is, however, 
subject to variations caused by auto- 
nomic nervous system effects, local con- 
strictor and dilator effects, hormones, 
and anoxia. Epinephrine constricts the 
afferent vessels to the glomerulus and 
causes a decrease in filtration rate. Tlie 
anfidiuretic hormone secreted by the 
posterior lobe of the pituitary gland in- 
creases tubular reabsorption of water and 


thereby decreases the volume of urine 
formed. Anoxia increases permeability 
of the renal epithelium. Reflex vasocon- 
striction elevates systemic blood pres- 
sure and increases blood flow through 
the kidney, thereby increasing the filtra- 
tion rate. The colloids (serum proteins) 
of blood are ordinarily impervious to the 
renal epithelium and do not ordinarily 
pass into the urine. Alterations in blood 
volume accompanied by changes in 
blood composition may retard or in- 
crease the rate of urine formation, de- 
pending upon the situations which de- 
velop. 

COMPOSITION OF THE URINE 
Urine may be defined as a complex 
aqueous solution of organic and inor- 
ganic substances elaborated by the kid- 
ney. Urine is the chief avenue for elim- 
ination of end products of protein catab- 
olism, inorganic acids and salts, end 
products of detoxified drugs, hormones 
and excess water. The kidney plays an 
important role in maintaining blood pH 
at the proper level. This organ handles 
the elimination of acids, particularly the 
non-volatile ones, since acidic products 
are the main products of metabolic ac- 
tivity, The reaction of the urine ordi- 
narily is acid. However, the kidney can 
form an alkaline urine if blood contains 
an excess of base. Tlie urine may become 
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nllcalfiie in cases of excessive fluid loss, 
following hyperventilation with loss of 
carbon dioxide or in cases of excessive 
vomiting which causes loss of hydro- 
chloric acid from the stomach. The acid 
products are excreted as salts. Basic di- 
sodium hydrogen phosphate of plasma 
is converted to acid monosodium di- 
hydrogen phosphate which is the main 
inorganic acid product of urine. The kid- 
ney helps conseroe hose in cases of ex- 
cessive acid formation. It does this by 
forming ammonia from urea or amino 
acids. This neutralizes acids and forms 
ammonium salts which pass into the 
urine. No mechanism of similar nature 
exists to conserve acid since excess base 
formation is unusual in metabolism. 

The total urinary solids may amount to 
50 to 60 gms. in 24 hours (volume about 
1500 mb). Organic constituents comprise 
30 to SO gms. of this total. The remaining 
constituents are inorganic substances. 
Urea, uric acid, creatine, creatinine, 
ethereal sulphates, hippuric and oxalic 
acids, natural sulphur compounds, aro- 
matic acids, lactic acid, phenaceturic, 
urocanic, phosphuronic glycerphosphor- 
Ic acids, pigments, purine bases, and 
enzymes (trypsin and amylopsin) are the 
usual organic constituents. 

Inorganic substances are chiefly elec- 
trolytes. Chloride, sulphate, phosphate, 
carbonate, fluoride, nitrate, and silicate 
are the anions consistently found. Sodi- 
um, potassium, calcium, magnesium, 
and iron are the important cations. 
Knowledge of the exact concentrations of 
these constituents in normal urine is of 
little clinical value because diet, met- 
abolic processes in the body, and other 
factors cause day to da}' variation in 
composition. 

Abnormal substances pass into tlie 
urine. Detection and quantitative esti- 


mation of these are of extreme impor- 
tance in diagnosis and treatment of dis- 
ease. Glucose, ketone bodies, proteins, 
amino acids, bile salts, bile pigments, 
blood, and other substances are some of 
the constituents which may be evidence 
of disuse. The kidney can filter, excrete, 
and reabsorb crystalloids, some colloids 
and water. Some substances which pass 
into the glomerular filtrate are complete- 
ly reabsorbed by the tubules (glucose). 
If an excess is present in the plasma tliis 
reabsorption is complete up to a certain 
limit known as the renal threshold. Be- 
yond this limit the reabsorption is no 
longer complete and the substance then 
appears in the urine. Substances of no 
p.irticular value to tlie body have no 
threshold and are not reabsorbed. Some 
drugs are reabsorbed by tlie kidney tu- 
bules. Barbiturates, for example, have a 
low renal threshold. 

JIENAL FUNCTION TESTS 
Available ^fETlIOD5 

There is no single test which specifi- 
cally indicates how the kidney is func- 
tioning. The routine urine analysis, the 
blood urea and the non-protein nitrogen 
determination are non-specific tests 
which yield information of questionable 
value, unless gross deviations from nor- 
mal are present. Besides such deviations 
may be due to extra-renal factors rather 
than renal. There is no way of distin- 
guishing which is which. Alterations in 
nitrogen intake, water and electrolyte 
balance may have considerable influence 
on the results of these tests. Syndromes 
accompanied by anorexia, vomiting, diar- 
rhea or excessive sweating may have pro- 
found influence on the urea and total 
non-protein nitrogen blood levels. 

There is no simple way of determining 
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how the nephron, considered as a single 
unit, is functioning. Present day methods 
of studying renal function rely upon a 
battery of tests, each one of which meas- 
ures ^e performance of a certain por- 
tion of the nephron. The rate of glomer- 
ular filtration, renal blood flow, absorp- 
tive capacity of the proximal tubule, 
tubular secretion, and reabsorption by 
the distal tubules are determined indi- 
vidually. Conclusions are then drawn 
from the composite data obtained from 
these tests, 

GLOMERULAR FILTRATION 
Inulin Clearance 
The rate of glomerular filtration may 
be determined quite accurately by meas- 
uring the clearance of inulin from the 
blood. Inulin is a polysaccharide which 
passes freely through the glomerular 
membrane. It is ideal for the purpose 
because its molecule is small and it is 
not metabolized in the body. Besides it 
is neither secreted nor reabsorbed by the 
tubules. The quantity filtered into the 
urine per minute divided by the plasma 
concentration is an index of the rate of 
filtration. In order to perform the test 
simultaneous blood and urine inulin 
concentrations must be obtained. The 
amount of inulin removed from tlie 
plasma in a unit of time is referred to as 
inulin clearance. The term clearance is a 
general one which is applicable to a 
variety of substances. The volume of 
blood or plasma which appears to be 
cleared of a particular substance in a 
unit of time is called clearance. The 
value is expressed in ml, of blood or 
plasma completely cleared of the sub- 
stance per minute. It is computed by 
multiplying the volume of urine formed 
in a unit of time by the concentration of 


the substance in the urine and dividing 
this result by the plasma concentration 
(u X v-J-p). 

CREATININE CLEARANCE 

Creatinine is normally eliminated by 
the glomeruli. The clearance of creati- 
nine is similar to that of inulin. Creati- 
nine clearance may also be used to meas- 
ure glomerular filtration, since it is 
neither absorbed or secreted by the 
tubules. The mean normal inulin and 
creatinine clearances (glomerular filtra- 
tion) are between 124 and 130 ml. per 
minute, 

UREA CLEARANCE 

The clearance of urea is also used as 
an index of glomerular function. The 
urea clearance test was introduced by 
Mdller, McIntosh and Van Slyke. It is 
less sensitive than the inulin clearance 
because urea is partly reabsorbed by the 
tubules. The test, therefore, is of a semi- 
quantitative nature. However, within 
certain limits it is reasonably accurate 
and, therefore, it is suitable for clinical 
use. Besides it is more easily performed 
than the inulin clearance test. The in- 
ulin clearance, however, is preferred for 
clinical investigation and for studies in 
basic physiology and pharmacology. 

The total amount of urea excreted into 
the urine during a given time interval is 
determined by chemical analysis of 
blood and urine. The difference in con- 
centration of urea in the blood at the 
beginning and at the end of the test is 
used to compute the volume of blood 
which is cleared of urea in that time is 
calculated. Normally 60 to 74 ml. of 
blood are cleared of urea per minute. 
Tlie quantity of urea cleared is usually 
expressed in terms of weight of urea 
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cleared per meter of body area, as are 
most blood flow studies. Urea is filtered 
through the glomerulus at the same rate 
as inulin. However, the test indicates 
that a larger volume of blood has been 
cleared than actually is due to the fact 
that urea is not only filtered, but is also 
partly reabsorbed by the tubules. In 
order to eliminate the error introduced 
by the reabsorbed urea and obtain an 
approximately true filtration rate the 
urea cleared is multiplied by the factor 
1.2. The reabsorption of urea is reduced 
somewhat when the urine flow is above 
1.5 ml. per minute. A progressive in- 
crease in urea clearance occurs as the 
urine flow increases. Urea clearance, 
therefore, depends upon urine volume. 
This is subject to variations. However, 
this effect is relatively unimportant 
when the flow of urine is between 1.5 
and 12 ml. per minute. When the urine 
flow falls below 1.5 ml. per minute 
the urea clearance is not a reliable index 
of the ability of the kidney to clear urea. 
Extra renal factors sucli as dehydration, 
reduced filtration rate and reflex vaso- 
constriction may come into play. Clear- 
ance, as Homer Smith and his associates 
define the concept, should be entirely di- 
vorced from urine volume. 

IlENAL BLOOD FLOIV 
Renal blood flow is determined by 
measuring the rate of clearance of par- 
amino hippuric acid or diodrast from the 
plasma. These substances, if present in 
dilute concentrations, are completely re- 
moved by one circulation of the arterial 
blood through the Iddney. Therefore, 
their clearance is identical with the rate 
of blood flow through the kidney. The 
mean normal renal blood flow measured 
by the hippurate clearance is 1200 ml. 
per minute. 


TUBULAR EXCRETION 
P.S,P. Test 

Another substance often used to deter- 
mine renal function, and to a certain 
extent renal blood flow, is the dye phe- 
nolsulfonphthalein (P.S.P.). Most of this 
dye is removed by one passage through 
the kidney, Tlie elimination of P.S.P, is 
mainly by tubular e.tcretion. The volume 
of urine formed is measured and the 
amount of dye eliminated is determined 
colorimetrically. However, the quantity 
of dye for the test is usually insufficient 
to give a plasma concentration of suffi- 
cient magnitude to bring about a maxi- 
mal tubular excretion. The tubular tissue 
may be slightly damaged, yet it clears 
the dye easily. Unless the period of collec- 
tion of urine is brief, such impairment of 
function is unnoticed, The urine speci- 
men obtained fifteen minutes after in- 
jection of the dye yields information of 
greatest value. The maximum concen- 
tration of dye is present in plasma at this 
time. The excretory power of tlie tubule, 
therefore, is closer to its maximum. Since 
the excretion of the dye is affected by 
both renal blood flow and tubular secre- 
tion, a reduction in output may indicate 
impairment of tubular function and 
blood flow. Ordinarily this test is per- 
formed in a number of ways. Specimens 
of urine are usually collected at one hour 
and two hour intervals after the intra- 
muscular injection of 6 mgm. of the dye. 
Normally 40 to 60% of the injected dye is 
recovered during the first hour and an 
additional 20 to 25% may be recovered 
during the second hour. The maximum 
recovered totals 60 to 85%. The test as 
ordinarily used clinically gives very little 
useful data concerning renal function. 

Diodrast Method 

Tubular excretion is best measured by 
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raising the plasma concentration of 
paramino Iiippuric acid or iodopyracel 
(diodrast) above the level at which it is 
completely cleared by one circulation 
through the nephron. The tubular e.Tcre- 
tory mechanism then becomes totally 
activated and a substance is excreted 
at a maximal rale. The amount in the 
urine in a given time is determined. By 
so doing the maximal tubular excretory 
capacity is reached and this is assumed 
to represent the amount of actively 
functioning tubular tissue. 

TUBULAR REABSORPTION 
The primary function of the pro.Timal 
tubule is to reabsorb substances neces- 
sary to the body which pass through the 
glomerular membrane into the filtrate. 
Glucose is one such substance. The dis- 
tal tubules absorb water. It is this part 
of the nephron which concentrates the 
urine. Reabsorption is measured by the 
use of glucose. The plasma glucose level 
is raised above the threshold value by a 
constant infusion. The glucose passes 
through the glomeruli and is reabsorbed 
by the proximal tubules. Glucose appears 
in the urine when a plasma glucose level 
of 280 mgm. or more per 100 ml. has been 
obtained. This indicates that tlie tubular 
absorptive capacity has been exceeded. 
The mean normal value for the maximal 
reabsorption capacity of the tubules, 
measured by the glucose reabsorption 
technique, is 400 mgm. per minute. 

CONCENTRATING AND 
DILUTING PO^VER 
The kidney conserves water or elim- 
inates it according to the body needs. 
Thus, the total solids per unit volume of 
urine is subject to considerable varia- 
tion, depending upon the body need for 


water. A concentrated urine which is 
hypertonic in relationship to the blood 
may be elaborated. On the other hand if 
there is ample supply or an excess of 
water one which is hypotonic may be 
secreted. The total urinary solids per 
unit volume of urine may serve as an 
Index of the concentrating and diluting 
power of the kidney. This may be ascer- 
tained by determining the specific grav- 
ity. The maximal concentrating capacity 
of the kidney is an index of its ability to 
excrete a maximum weight of solids in 
the smallest amount of water. Loss of 
concentrating power is indicated by an 
unvarying specific gravity ranging a 
little above or below 1.010. This is the 
specific gravity of protein free plasma. 
In addition, the day and night output of 
urine become the same. Ordinarily it is 
less at night. Ordinarily kidneys can 
elaborate a urine having a specific grav- 
ity as high as 1.024. If an excess of water 
is ingested it may elaborate one which 
is so dilute that its specific gravity falls 
as low as 1.001. Urine concentration and 
dilution tests measure the ability of the 
distal tubule to absorb water. Various 
concentration and dilution tests have 
been introduced. The Mosenthal test is 
an example of one which measures the 
ability of the kidney to form a concen- 
trated urine. The test of Volhard and 
Farr measures the capacity of the kidney 
to form both a dilute and concentrated 
urine. These are simply dilution and con- 
centration tests designed to detect gross 
impairment of function in the absence 
of extra renal disturbances which may 
secondarily affect urine formation. As a 
rule, measure of the diluting power of 
the kidney is of little help in evaluating 
the status of the kidney function, since 
numerous e.xtra renal factors may cause 
it to vary. 
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INFLUENCE OF EXTRA RENAL 
FACTORS DURING ANESTHESIA 
Tlie subject matter concerning the 
efFects of anesthesia on renal function is 
voluminous and appears in a confused 
slate. In some reports conclusions have 
been drawn from data obtained by using 
a variety of tests, many of which are of 
a semi-quantitative nature capable of 
detecting only gross changes. Much of 
the published data has been obtained 
from uncontrolled experiments. Numer> 
ous factors, many of them e,xtra renal, 
profoundly influence renal function dur- 
ing anesthesia. Anesthesia causes a mul- 
titude of physiological changes. Anes- 
thesia may cause changes in blood flow, 
blood volume, changes in capillary per- 
meability, a release of hormones of the 
adrenal and tlie pituitary, changes in 
osmotic pressure, disturbances of the 
electrolyte pattern, a migration of water 
from or into the intracellular spaces, 
changes in environmental temperature 
whicli influence fluid loss, decreases in 
absorption from the gastrointestinal 
tract and changes in autonomic reflex ac- 
tivity all of which influence renal func- 
tion. Tims, when interpreting results it 
is difficult to determine whether or not 
the clianges in renal function are pri- 
mary and due to a direct action of the 
drug on the kidney or if they are second- 
ary to otlier changes caused by anes- 
thesia. Obtaining a true picture would 
involve a study of the effects of the drug 
upon each component of the nephron 
and an exclusion of all extraneous fac- 
tors. Tliis is difficult if not impossible. 
Studies of simultaneous measurement of 
glomerular filtration, tubular reabsorp- 
tion, tubular secretion and renal blood 


flow which have been made during an- 
estliesia are few. The most extensive 
studies utilizing these techniques are 
those of Habiff and his associates. Tliese 
are discussed further on. 

EFFECTS OF ANESTHETICS 

In spite of the lack of systemic and 
controlled studies, a general trend can 
be detected in the majority of the stud- 
ies reported. It is consistently found that 
general anesthesia causes a reduction in 
urine formation. Furthermore, the dis- 
turbances, whatever the cause may be, 
disappear and there is an apparent re- 
turn to the usual physiologic level after 
anesthesia. Tliese effects appear to be 
due to extra renal disturbances rather 
than a direct effect upon the kidney. 
Damage to the tissue of the kidney Itself 
seldom occurs. The responses are stereo- 
typed for all general anesthetics. Appar- 
ently an inlrarenal vasoconstriction oc- 
curs with all general anesthetics. Tliis Is 
associated with a fall in glomerular filtra- 
tion, a decrease in concentrating power, 
and alteration of excretion of electro- 
lytes and water. The reabsorption of 
electrolytes and water by the renal tubu- 
lar epithelium appears to be increased 
relatively speaking. Operation, in the ab- 
sence of shock, hemorrhage and other 
complicating factors, has little effect on 
renal function Most of the changes ap- 
pear to be due to the influence of the 
anesthetic itself. 

Ether anesthesia, as most observers 
have noted, upsets renal function and 
causes an oliguria followed by a com- 
pensatory polyuria. Pringle was the first 
to observe a decreased urinary output 
diuing ether anesthesia in man. Studies 
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on the excretion of phenosulfonphthal- 
ein in operated humans anesthetized 
during ether anesthesia revealed a de- 
crease in the capacity to excrete the dye. 
Dye excretion returned to normal within 
20 to 48 hours. Orth and Stutzman in a 
post anesthetic follow up after the use 
of ether, using the urea clearance test 
as a measure of kidney function in dogs, 
noted no variation of any significance 
over a period of 8 months from the pre- 
anesthetic control levels. Water diuresis 
in the immediate postanesthetic period 
was normal, Habiff and his co-workers 
noted a 40% reduction in glomerular fil- 
tration and a decrease of 54% in renal 
plasma flow in humans. Similar observa- 
tions were noted by Burnette and his 
associates. There appears to be increased 
reabsorption of water, sodium and chlor- 
ide during ether anesthesia. 

Chloroform also causes a progressive 
decrease in urinary output both in man 
and animals, Orth and Stutzman using 
the urea clearance test as a measure of 
function noted that anesthesia given for 
periods of one hour or more in dogs 
caused no variation of any significance 
from the preanesthetic control levels. 
The dogs were observed over a period 
of 8 months. 

Little data is available on the effects 
of nitrous oxide on renal function since 
this drug is seldom used as the sole 
agent. When used alone anesthesia is 
usually accompanied by anoxia. Axelrod 
and Pitts induced anoxia with oxygen 
poor mixtures of nitrous oxide and studied 
renal function. No significant effects were 
noted on renal tubular function or glo- 
merular filtration in dogs and humans. 
Data on the influence of anoxia on renal 
function during anesthesia are meagre. 
The effects of the combination of sodium 


thiopental and nitrous oxide on glomeru- 
lar filtration, renal blood flow and tubular 
function were similar to those observed 
for ether. A diminution in glomerular 
filtration and a decrease in renal blood 
flow occurs. 

Cyclopropane anesthesia, like ether, is 
accompanied by suppression of urine 
formation. During recovery a compensa- 
tory polyuria follows. The results of 
most workers are in agreement in this 
regard. The mechanism causing the 
change is assumed to be similar to that 
noted during ether anesthesia, i.e., a renal 
vasoconstriction. Orth and his co-work- 
ers using the same techniques mentioned 
in their studies on ether and chloroform 
indicate no variation of urea clearance 
for an 8 months' period after a one hour 
period of anesthesia. 

Little change in phenolsulfonphthal- 
ein excretion during ethylene anesthesia 
was observed by Luckhardt and Lexvis. 
Data using other techniques is not avail- 
able. 

Tribromethanol causes a suppression 
of urine formation. Oliguria and often 
anuria is observed in dogs. A compensa- 
tory polyuria follows recovery. The 
anuria seen in animals does not occur in 
man. However, oliguria does occur. The 
effects of barbiturates are variable. 
Much depends upon tJie type of bar- 
biturate studied and the depth of nar- 
cosis produced. Thiopental causes a sup- 
pression in output. Corcoran and Page 
observed that pentobarbital sodium 
(30 mgm. per kilogram) in dogs did not 
significantly alter glomerular filtration or 
renal plasma flow. Larger doses of bar- 
biturates cause a diminution of urine 
flow. Possibly some of this is due to the 
release of the antidiuretic hormone. The 
narcotics, meperidine and morphine. 
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cause suppression of output as do the 
general anesthetics. Meperidine in 100 
mgm. doses causes the glomerular filtra- 
tion rale to drop in man from 20-45? and 
the renal plasma flow to fall 25-50?. 
Morphine in 10 mgm. doses causes simi- 
lar but less striking responses. 

Smith and his co-workers found no 
significant changes in inulin and diodmst 
clearance during spinal anesthesia in un- 
operaled and unpremedicated man. 
However, if spinal anesthesia is supple- 
mented with general anesthesia the re- 
sults are quite different. Habiff, Bradley 
and others observed that high spinal 
anesthesia supplemented with cyclopro- 
pane, ether, thiopental or nitrous o.xide 
and oxygen produced the same changes 
in renal function as would be caused by 
these agents used without spinal anes- 
thesia. Presumably, denervating the kid- 
ney with spinal anesthesia does not alter 
the vascular changes induced by general 
anesthetics on the kidney. Orth observed 
a decrease in urea clearance after daily 
repeated administrations of vinyl ether 
to dogs. Single administrations did not 
cause any change. Data following a 
single administration in man are not 
available, ^^iles and his co-workers 
noted that deliberately induced hypo- 
tension using ganglionic blocking agents, 
such as hexamethonium, during ether 
and cyclopropane anesthesia causes no 
further change in the function of tlie 
kidney beyond that caused by tlie anes- 
thetic. However, some renal damage, in 
spite of such findings, does occur and 
is one of tlie complications. Proteinuria, 
casts and red cells are found frequently 
in the urine postoperatively. During 
hypothermia (temp. 24“C.) Churchill- 
Davidson observed a diminution in renal 


function which was ascribed to a de- 
crease in blood flow. 

ROLE OF THE ANTIDIURETIC 
HORMONE 

The antidiuretic hormone which is lib- 
erated by the posterior lobe of the pitui- 
tary regulates the absorption of water by 
the renal tubules. This hormone is said to 
play a dominant role in the diminished 
urine flow caused by anesthetics. Presum- 
ably, anesthetics cause an increase in the 
output of this hormone. However, this 
point is debatable. In dogs subjected to 
section of the pituitary followed by dia- 
betes Insipidus, cyclopropane, ether, mor- 
phine and pentobarbital continued to 
cause antidiuresis. The effect of the anti- 
diuretic hormone, therefore, does not ac- 
count entirely for the diminished urinary 
output during general anesthesia with 
these drugs. 

HISTOLOGICAL CHANGES CAUSED 
BY ANESTHESU 

Tlie commonly used anesthetics are 
not toxic to renal tissues. Histologic 
changes in the kidney parenchyma due 
specificaUy to anesthetic drugs do not 
occur, save after chloroform hepatitis. 
The possibility of lesions in the human 
kidney from vinyl ether has been sug- 
gested from experimental data observed 
in dogs after repeated administration of 
this drug daily for a week. However, the 
assumption that this occurs in the human 
kidney after a single administration of 
the drug is erroneous. Changes second- 
ary to ischemia may follow hypotension 
during operation. Tliese, however, can 
hardly be ascribed to the drugs used. 
Histologic changes are secondary. 
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VOLUME 

Tlie composition of the urine varies 
widely after anesthesia. Variations in 
composition are not necessarily an index 
of diminished function, A factor of im- 
portance in such studies is the state of 
hydration of the patient prior to opera- 
tion. This together with the other variable 
factors which influence renal function 
has profound influence on both the vol- 
ume and composition of the urine. 

REACTION 

The urine is normally acid in reaction, 
the pH varying from 5.3 to 6. The post- 
anesthetic acidity is usually increased, 
particularly in instances where anes- 
thesia causes a shift of acid-base balance 
to the acid side. Ketone bodies are re- 
sponsible for little of the acidity. Excre- 
tion of inorganic acids, acidic substances 
(phosphates) as well as non-volatile acids 
(lactic, phosphoric, acetic, oxalic and 
oj^luric) is decreased during ether anes- 
thesia in the postanesthelic period in 
human subjects who have undergone 
operation. Chloroform anesthesia during 
operations on human subjects is accom- 
panied by a fall in urinary phosphates. 
A rise usually occurs in the postanes- 
thetic period. Basal narcosis with Aver- 
tin causes an increase in the output of 
phosphoric acid. Walton noted changes 
in phosphates in tire urine after ethylene 
and amylal anesthesia. He observed no 
changes following the use of Avertin 
alone. 

URINARY NITROGEN CONTENT 

Urinary non-protein nitrogen de- 
creases during anesthesia but increases 


during the recovery period with most 
anesthetic agents. Urinary ammonia is 
increased after ether anesthesia. In the 
immediate postoperative period water 
diuresis is normal following ether, ethyl- 
ene, irihromethanol and most barbitu- 
rate anesthesia in dogs. 

ELECTROLYTE CONTENT 

In general the total output of elec- 
trolytes is diminished even though the 
concentration per unit volume is in- 
creased because of the reduced urinary 
output. Data on individual electrolytes 
and agents are meagre. Presumably 
there is an increase in tubular reabsorp- 
tion of water, sodium and chloride. Dur- 
ing ajclopropane anesthesia the output 
of sodium chloride is considerably re- 
duced. The potassium content is vari- 
able. Similar findings occur with ether 
anesthesia. Friden and his co-workers 
noted that the kidney of the dog retains 
abnormal amounts of sodium due to in- 
creased tubular reabsorption when the 
peripheral venous pressure is elevated. 
It is obvious from the foregoing that 
data on this aspect of biochemistry are 
meagre and that any analysis of con- 
centrations of urinarj’ solids yields in- 
formation of little clinical value. 

PROTEINURIA 

The renal epithelium ordinarily is im- 
permeable to serum proteins. None, 
therefore, appears in the urine. After 
ether, chloroform and other types of 
anesthesia a transient albuminuria oc- 
curs in a variable percentage of patients. 
Casts and leukocytes may occasionally 
be found postoperatively after almost 
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any type of anesthesia. These are be- 
hoved to be caused by factors other 
than anesthesia, such as dehydration or 
infection. Threshold substances such as 
glucose rarely appear in the urine as tlie 
result of anesthesia or operation, unless 
this drug has been infused in excess 
quantities. 

PRODUCTS ARISING FROM 
ABNORMAL METABOLISM 
Chloroform poisoning with hepatitis is 
accompanied by an increase in total uric 
acid of the urine suggesting increased 
protein catabolism (Marshall and Rown- 
tree). Bile may also be excreted as well 
as glucose in this syndrome. Data of a 
positive nature is not available concern- 
ing other anesthetics. 

EXCRETION OF DRUGS 
INTO THE URINE 
Volatile anesthetics appear in the 


urine in traces. Non-volatile substances 
which pass from the body unchanged 
are excreted into the urine almost en- 
tirely. Some passes into the sweat, milk 
and feces. Detoxified drugs also pass 
into the urine. Tribromethanol, for ex- 
ample, is conjugated with glucuronic 
acid by the liver and the conjugated 
product is eliminated by the kidney into 
the urine. Pentobarbital, on the other 
hand, is metabolized completely in the 
body and none is found in the urine, 
save in overdosage. Both the unchanged 
drugs and detoxified products are re- 
tained when renal dysfunction is pres- 
ent. Animals with experimental nephritis 
produced b)’ uranium sleep longer fol- 
lowing the administration of barbital 
than do the controls. The renal excretion 
is prolonged when non-metabolized 
drugs ordinarily excreted by the kidney 
are administered if renal dysfunction Is 
present. 


HEMODIALYSIS— THE 
BASIC CONCEPT 

The artificial kidney is an extra-corpo- 
real hemodializing apparatus which is 
based upon the fact that plastic mem- 
branes are semi-permeable. The artifi- 
cial kidney provides an imperfect sub- 
stitute for diminished or absent glomeru- 
lar filtration. None of the complex func- 
tions of the tubules can be taken over 
by tlie device. A portion of the nitrog- 
enous metabolites are removed and 
levels of some electrolytes are restored 
to normal by the dialysis. The greatest 
amount of any substance removed is 
urea. 

PRINCIPLE 

The patient’s blood enters the dializ- 
ing apparatus by means of a canula in- 


ARTIFICIAL KIDNEY 
serted into an artery, usually the radial. 
The blood circulates through a cello- 
phane tubing, wliich is immersed in a 
bath called the dializing fluid. Tlie bath 
fluid is a mixture of electrolytes contain- 
ing the following ions: potassium, so- 
dium, chloride, bicarbonate, calcium and 
phosphate. Tlie blood is forced through 
the tubing by means of a pump or by 
the tumbling effects of a dnim upon 
which the tubing is svrapped. During 
the passage through the tubing tlie sol- 
utes are transferred across the cello- 
phane membrane into the dializing fluid. 
The dialized blood passes the distal end 
of the tubing back into the body through 
a vein in the foot. 

A number of models of the apparatus 
are available, all of wliich are based 
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upon the same basic principle. In the 
rotating drum type the membrane con- 
sists of a tube about 100 ft. long. This 
is first detoxified by prolonged boiling. 
It is then filled with the blood com- 
patible with that of the patient. Coagu- 
lation of the blood is prevented by the 
injection of 100 mgm. of heparin at regu- 
lar intervals, 

USES 

The kidney removes the substances 
with a small molecular diameter such 
as urea, uric acid, creatinine and other 
waste products from the blood. The con- 
centration of non-protein nitrogen ele- 
ments may be reduced to H of the Initial 
values within a five hour period of di- 
alysis. The concentration of potassium 
and other electrolytes tends to approach 
that of the bath fluid. One may, by ad- 
justing the concentration of tliese ions 
in the bath fluid, correct any abnormal 
electrolyte pattern of the blood. Glucose 
(3%) is added to the bath fluid to prevent 
absorption of fluid by the body or to re- 
move fluid from the tissues in cases com- 
plicated hy edema. l>ia]ysis is usoa))}' 
carried on for periods averaging five 
hours. 

The artificial kidney is used for 
patients who have renal insufficiency 
of a reversible nature which is accom- 


panied by anuria or oliguria and azote^ 
mia. 

LIMITATIONS OF USES 
The artificial kidney does not modify 
the histopathologic changes involved in 
renal insufficiency. It is, therefore, of 
little value in diseases characterized by 
irreversible changes in the kidney. Its 
only value is, therefore, in the manage- 
ment of abnormalities which result from 
renal disease. Its uses should be directed 
primarily in the treatment of renal 
failure in which the pathological physi- 
ology of the condition depends, to a 
great extent, upon chemical abnormali- 
ties in the plasma. The kidney has been 
employed with varying degrees of suc- 
cess for the treatment of overdosage 
from diffusible poisons, which are not 
nephrotoxic, such as barbiturates, bro- 
mides, salicylates and so on. Its value 
for massive barbiturate overdosage is a 
debatable subject. Its use is generally 
reserved as a measure of last resort in 
cases of severe intoxication. It may be 
indicated when specific renal toxins, 
such as hea\y metah and inorganic 
acids have been taken inadvertently. It 
may be of benefit in renal failure due to 
the lower nephron syndrome following 
shock, severe trauma or the use of in- 
compatible blood. 
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CLASSIFICATION AND CHEMICAL 
NATURE OF LIPIDS 

T he LiPHvcoNTAiNiNG TISSUES are of 
interest to the anesthetist because 
anesthetics are lipoplilic. Tlie uptake of 
anesthetics hy these tissues is greater 
than hy otlier tissues. The term UpUl* is 
a broad and general one. It includes not 
not only fats and fat^Ufce substances but 
also associated substances. Lipids nay 
be classified into (he following groups: 

(A) Simple lipids. In this category are 
(1) the plain fatty acids and glycerol 
esters of fatty acids and (2) the waxes. 
Waxes are esters of fatly acids and liigh 
molecular sveight mono hydrory ali' 
phatic or aromatic alcohols. Spermaceti 
is an ester derived from cetyl alcohol 
and palmitic acid. Waxes are classed as 
(a) true waxes, (b) cholesterol esters, (c) 
vitamin A esters, and (d) vifamia D 
esters. True waxes are products of ani- 
mal and vegetable origin in which the 
esters are composed of palmitic, stearic, 
oleic or other higher fatty acid estcre of 
cetyl alcohol. 

(B) Compound lipids. In this category' 
are glycerol esters of fatly acids whiA 
upon hydrolysis yield some other sub- 
stance in addition to fatty acids and 
glycerol. Tliey are also bno\ra as conju- 
gate lipids. Tl\is group is subdivided ta- 

• Synonymous svith the oWei term lipa^ and 
also the terms liplde and hpin. 


to (a) phospholipids, (b) glycolipids, and 
(c) sulpholipids. Phospholipids yield 
phosphoric acid, glycerol, and nitroge- 
nous bases, such as choline or ethanol 
amine, upon hydrolysis. Lecithins, cepb- 
al/ns, and sph/ngomyelins are examples 
of members of this group. Glycolipids 
when hydrolyzedyield fatly acids, a car- 
bohydrate usually galactose) and a nitro- 
genous base, syphyngosine. Glycolipids 
contain nitrogen but no phosplior/c acid. 
They are frequently referred to as cere- 
brosidcs because they are abundant in 
nerve tissue. Phrenosin and kerasin are 
well-lo30wn examples of cerebrosides. 
Tlie structure of sulpholipids is not well- 
defined. They yield sulphuric acid and 
nitrogenous compounds upon hydroly- 
sis. They are prominent in. nerve tissue 
also. 

(C) Oerived Lipids. In this category 
are lipids obtained by hydrolysis of com- 
pounds listed under groups A and B 
which still possess the general physical 
cliaracteristios of lipids. Among these 
are included (1) saturated and tmsatti- 
raled fatty acids, (2) mono and digly- 
cerides and (3) alcohols. The alcohols are 
(a) straight chain water insoluble sub- 
stances of higher molecular weight (from 
hydrolysis of waxes), (b) sterols and (c) 
alcohols containing the ? ionone ring. 

(D) A miscellaneous group of lipids 
which includes (1) aliphatic hydrocar- 
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bons, (2) carofinoids, (3) vitamins (A, E 
and K). 

FATTY ACIDS 

The simplest member of the series of 
saturated monocarboxylic acids is formic 
acid, the next acetic, the next propionic, 
the next butyric, and so on up the series. 
Fatty acids are straight chained even 
numbered mono carboxylic acids rang- 
ing in chain length from 4 to 24 carbon 
atoms. They are found in natural tri- 
glycerides. The acids may be either sat- 
urated or unsaturated. Palmitic acid 
(CisHsjO*) contains 16 carbon atoms ar- 
ranged in a straight chain with a car- 
boxyl group on a terminal carbon. 
Stearic acid, the next higher homologue 
is a straight chain aliphatic acid con- 
taining 18 carbon atoms. Both stearic 
and palmitic acids are saturated acids. 
They are esterified with glycerol Gly- 
cerol palmitate and glycerol sterate are 
Important esters in neutral fats. Fatty 
acids may be unsaturated and contain 
any^vhere from one to six, sometimes 
even more, double bonds. Oleic acid has 
one, Unofeic two, and iino!enic three, and 
so on. Oleic and stearic acid have the 
same carbon content but oleic one 
double bond. Unsaturated acids occur 
more frequently in oils than in solid fats. 
The glyceride of oleic acid is a common 
component of olive oil and cotton seed 
oil. Practically all fatty acids found in na- 
ture are composed of an eocn number of 
carbon atoms. Fatty acids may also con- 
tain hydroxyl groups, cyclic structures, 
or branched chains. In some cases more 
than one carboxyl group is found. Com- 
binations are also found in which both 
unsaturated linkages and hydroxyl 
groups occur. Castor oil, for example, 
contains ricinoleic acid which is an un- 
saturated hydroxy acid. 


PHYSICAL AND CHEMICAL 
PROPERTIES OF FATS 

Hie physical properties of a fatty acid 
or of a fat vary with its molecular 
weight and ivith its degree of unsatura- 
lion. In general the chemical behavior 
of fatty acids may be divided into those 
which are referrable to the carboxyl 
group and those due to the hydrocarbon 
chain. The carboxyl group confers water 
solubility. It is responsible for the ability 
to form salts (soaps) with metals such as 
sodium and potassium and esters xvith 
alcohols. The hydrocarbon portion 
causes the diminution of water solubil- 
ity and is associated with oxidation and 
hydrogenation reactions. The carboxyl 
group is hydrophilic and polar, while 
the hydrocarbon is lipophilic and non- 
polar. On water, a mono molecular layer 
forms with the carboxyl group oriented 
into water and the hydrocarbon group 
upright and parallel and oriented per- 
pendicular to the water surface. Hydrox- 
ylation of a fatty acid increases its 
water solubility. Fatty acids may also be 
decarboxylated to form hydrocarbons. 
Some of these are Icnown as caretenoids. 
The melting points of fats are not sharp 
since they are a mixture of several gly- 
cerides, The solidification temperature is 
lower than the melting point. Water solu- 
bility, generally speaking, is poor and vol- 
atility of compounds of high carbon con- 
tent is low. Acids containing four or less 
carbon atoms are miscible with water; 
those that contain more are not. Volatility 
and water solubility decrease as molecu- 
lar weigh increases. Volatility increases 
as the degree of unsaturation increases. 

The specific gravity of lipids is less 
than that of water (0.913 to 0.914). Con- 
sequently they float on water. Unsatu- 
rated acids are more reactive than satu- 
rated due to the presence of the double 
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bonds. A molecule of water, hydrogen, 
oxygen or halogen may add at each 
double bond. Hydrogen passed through 
oils rich in unsaturated fatty acids adds 
to the double bond and forms saturated 
compounds. The oil is converted to a 
solid fat. The reaction is cataly'zed by 
finely-divided platinum or nickel. 

The esters of fatty acids possess a low 
degree of volatility and are poorly solu- 
ble in water. Lipids are soluble in or- 
ganic solvents, such as ether, benzine, 
chloroform, acetone, or carbon tetrachlor- 
ide, Esters of glycerol and fatty acids 
are called neutral fats since they have 
no free carboxyl group and are, tliere- 
fore, neutral to indicators. If they re- 
main in contact with air for any period 
of lime, they may become acid in reac- 
tion because tliey slowly hydrolyze and 
oxidize (become rancid). Fats may be 
identified by determining their melting 
or boiling points. The index of refrac- 
tion is occasionally used as a means of 
identification of individual fatty acids or 
esters. 

HYDROLYSIS OF FATS 

Fats are hydrolyzed in the body by 
enzymes loiowm as Upases. In vitro, alka- 
lies (sodium or potassium hydroxides) htj- 
drohjze (saponify) fats into sodium salts 
of the fatty acids and glycerine. Tliese 
salts are known as soaps. Frequently, a 
residue remains, known as the unsaponi- 
fiahle fraction. This consists of hydro- 
carbons and sterols and other nonhy- 
drohyzable substances. The number of 
milligrams of potassium hydroxide neces- 
sary to neutralize the total fatty add 
contained in one gram of lipoid is known 
as the sapotnfication number. The sa- 
ponification number is an index of the 
quantity (molecular weight) of fatty 
acids contained in a lipid. Unsaturaled 


acids are usually estimated by determin- 
ing how much a halogen, usually iodine 
or bromine, adds to the double bond. 
The degree of unsaturalion is expressed 
in terms of the iodine number which is 
the percentage of iodine by weight in 
milligrams absorbed by one gram of 
lipid. The iodine and lipid are dissolved 
in carbon tetrachloride since they are 
mutually miscible in this solvent to fa- 
cilitate the reaction. 

STEROLS 

Sterols are high molecular weight het- 
erocylic alcohols. Cholesterol, ergosterol, 
phyloslerol and vitamin D are sterols 
wluch are related to each other. Tliey 
are all derived from the cj’clopentan- 
ophenanthrenc ring. This ring is also 
found in the sex and adrenal hormones, 
the bile salts and other biological sub- 
stances. The close relationship of sterols 
to carcinogenic hydrocarbons, steroid 
hormones, cardiac glycosides and bile 
acids is noteworthy. Sterols are not lipids 
in the true sense but, since they are as- 
sociated with lipids and esterified with 
fatty acids, they are usually included in 
classifications of lipids. The unsaponifia- 
blc residue, which amounts to approxi- 
mately 1% of the total weight of fat, is 
composed chiefly of sterols. 

Cholesterol is a mono hydroxy uusatu- 
rated alcohol which exists in the blood 
and tissues in both a free and esterified 
form. The concentration of the esterified 
form in plasma varies; that of the free 
form remains more constant. All tissues 
contain minute amounts of cholesterol 
but the brain and adrenal glands are 
the most richly endowed. The liver con- 
tains 0.24%, the spleen 0.36%, the brain 
1,8%, and the adrenals 7.3% of cholesterol 
by weight. 
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ORGANIC AND CELLULAR FAT 
Lipids are essential and indispensable 
constituents of all cells and tissues. In 
addition they also serve as the medium 
for storage of energy in the organism. 
The lipid contained in cells is often re- 
ferred to as the constant lipid element. 
The cellular concentration is remark- 
ably constant and changes little regard- 
less of the state of nutrition of the or- 
ganism. Cellular lipids are composed 
largely of esters of unsaturated fatly 
acids. They contain large proportions of 
phospholipids. The lipid content varies 
from organ to organ. If adipose tissue is 
excluded, brain and nerve tissues are the 
richest in lipid tissue content. However, 
one must remember that protoplasm is 
mostly water and that the total lipid 
content of all types of tissues is rela- 
tively small. Even brain and nerve which 
are, relatively speaking, rich in lipids 
contain less than one-fifth of the total 
weight of fat. For example, the lipid 
content of liver and muscle varies be- 
tween 7% and 8% of the total weight. 
Nerve and brain tissue, even though 
richer in fat content, contains only be- 
tween 12% and 15% lipids by weight. 

BODl’ FAT (ADIPOSE TISSUE) 

The term “body fat” is used to desig- 
nate lipid depots which are stored for 
future energy sources by the organism. 
The term adipose tissue is more pre- 
cise, This is often called the variable 
lipid element Stored fat is formed from 
absorbed fats, carbohydrate and protein. 
Fat is usually stored in three regions of 
the body: in the subcutaneous connec- 
tive iissttes; in connective tissue sur- 
rounding viscera, such as the heart, kid- 
ney, and omentum; and between muscle 
fibers. Adipose tissue is mostly simple 
lipid. It does, howe^'er, contain smaO 


amounts of sterols and phospholipids. 
Approximately 90% of adipose tissue is 
lipid substances; the remainder is water, 
connective tissue, minerals and other 
elements. 

COMPOSITION OF NERVOUS TISSUI; 

Nen'e tissue includes brain, spinal 
cord, peripheral nerv'es, gangb'a and 
plexuses. Nerve tissue is rich in lipid 
and, since anesthetics are lipophilic^ these 
drugs are readily taken up by tliis type 
of tissue. Their composition will be de- 
scribed in some detail. Approximately 
2% of the total body w’eight is brain and 
nerve tissue. Over 90% of the nervous tis- 
sue of the body is in the brain. Nervous 
tissue, in spile of its high lipoid content, 
is mostly water. Nerve tissue is referred 
to as grey and white. Grey matter con- 
tains more water than white. Fetal brain 
tissue contains more water than adult. 
The water content of brain decreases 
with age. Grey matter of adult brain is 
appro.\imale]y 70% to 80% water. The 
solid constituents of nervous tissue are 
proteins (50%), lipids, salts and other ex- 
tractives. Tlie chief profeins in nerve 
tissue are collagen and a nucleoprotein. 
Albumin and globulin are also present 
but less abundant. The nucleoprotein 
contains approximately J 2 % phosphorus. 
Keratin is of an albuminoid nature. Neu- 
rokeratin differs from the keratin found 
in epidermoid tissues but is similar to 
tlje latter in regards to insolubility and 
resistance to peptic digestion. It is the 
protein found in axones, neurofibrils and 
filaments of nerve cells. Grey matter con- 
tains more protein that white. Peripheral 
ner\'e tissue contains less w'ater than 
brain (68%); approximately 83% is protein, 
and approximately 13% lipids. In com- 
parison, muscle contains 17% to 19% pro- 
teins and approximately 7.5% lipids. 
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Lipids of nervous tissue are cliiefly phos- 
pholipids, aminolopids, sulpholipids, and 
cholesterol. The phospholipids of brain 
and nerve are chiefly cephalin and leci- 
thin. Brain lecithin yields oleic, stearic, 
and phosphoric acids and choline when 
hydrolyzed. The cephalin of brain is not 
a definite compound. More Uian one 
type of lecithin has been isolated. Two 
of the three hydro.xyI groups of glycerol 
in lecithins may be eslcrified with dif- 
ferent fatty acids. Hie third hydroxj'l 
group is combined with choline and 
phosphoric acid in all types. Each mole- 
cule of lecithin contains one molecule of 
unsaturated and one molecule of satu- 
rated fatty acid. Folch has sho\vn that 
cephalin contains the nitrogenous base 
<7mino ethanol in one type serum and 
inositol in another. Therefore tlirce dif- 
ferent types have been isolated. 

SphlngomijcUn is a phospholipid 
which conlams one molecule of fatty 
acid, choline, and a base known as a 
sphingosine. Hie fatty acids contained 
in sphingomyelins are linolenic and hy- 
droxysteaiic. Glycoh'pids contains a car- 
bohydrate and nitrogen but no phos- 
phorus. Cholesterol is found as the ester 
and m the free form in both brain and 
nerve tissues. It is estimated that 99% 


of the cholesterol in brain tissue exists 
as llie uncombined form. Fat itself is not 
among tire constituents of brain tissue. 

Embryonic brain tissue contains ap- 
proximately 10% lipids. This is the same 
quantity as the liver. As the fetus ap- 
proaches term the concentration in- 
creases while that of the brain remains 
constant. The turnover of lipids in brain 
is slow. Using radioactive tracers it has 
been shown that 20% of the fat is replaced 
in a week. In the liver the turnover may 
be 50% in one day. 

BLOOD LIPIDS 

Lipids are present both in the plasma 
and the erythrocytes of whole blood. 
Plasma cellular lipids are partitioned ac- 
cording to chenucal types. Neutral fats, 
fatty acids, phospholipids, cholesterol, 
and cholesterol esters are the most 
prominent plasma lipids. Cholesterol is 
perhaps the most important of blood 
L'pids. Total lipid content of plasma 
varies from 570 mgm. to 800 mgm. per 
100 ml. of blood. Approximately 350 
mgm. of this are fatty acids, 150 mgm. 
neutral fats, 200 mgm. phospholipids, 
200 mgm, cholesterol ester, and from 
40 mgm. to 50 mgm. uncombined or free 
cholesterol. 


RELATIONSHIP OF ANESTHESIA TO LIPID TISSUES 


ABSORPHONS OF ANESTHETICS 
BY LIPOIDS 

It has been mistakenly assumed that 
lipid-rich tissues absorb more of an an- 
esthetic drug tlian lipid-poor tissues be- 
cause most anesthetic drugs are lipo- 
philic. Hits is not necessarily correct. No 
doubt, solubility in lipids plays a major 
role in absorption. Yet, more important 
is the perfusion of a tissue by the drug. 


Concentrations of anesthetic drugs in 
body tissue have been analyzed by nu- 
merous workers. These data are difficult 
to interpret because uncontrollable vari- 
ables complicate in vivo studies. The up- 
take depends primarily upon how well 
tlie tissues are perfused. This depends 
upon the mass of tissue which comes into 
contact with a given mass of blood and 
the quanlit)’ of drug contained in the 
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blood, the diffusibility of the drug 
through the cells and the rate of blood 
flow. These factors vary not only from 
organ to organ but also with different 
states of activity of a given organ. Some 
tissues have a more abundant blood 
supply than others. Brain, for instance, 
has a rich blood supply (54 ml. per 100 
gm. per minute). The subcutaneous fat 
perirenal, omental and other fat depots 
have relatively speahing, a poor blood 
supply. An organ whose cells are I/pid- 
poor but are endowed ^vith an excellent 
blood supply may absorb a greater 
amount of lipophilic substances than one 
which is lipid-rich but has a poor blood 
supply. The uptake, of course, varies 
with the blood concentration. Tlie dif- 
fusion gradient depends upon this fac- 
tor. Since there may be moment to mo- 
ment variations due to changes in cir- 
culatory rate, pulmonary ventilation, and 
variation in ^aled concentration, this 
becomes an uncontrollable variable. It 
is not necessarily true that even though 
the arterial and venous blood concentra- 
tions are equal, that an equilibrium has 
been established between the blood and 
cells since there may be variations in 
cellular permeability to anesthetic drugs. 
Certain drugs penetrate the blood-brain 
barrier with greater ease than others. 
Some workers doubt the existence of 
such a barrier and ascribe the ready 
penetration of anesthetics into the brain 
to high lipid solubility. Brodie, Mark 
and others have shown that the ultra 
short acting barbiturates penetrate into 
the brain more rapidly than the longer 
acting (Chap. 19). The lipid solubility 
of ultra short acting barbiturates has 
been well established. Pittinger and bis 
associates using radioactive xenon and 
tagged chloroform have indicated that 


the uptake by the brain occurs at the 
same rate for both drugs and postulate 
that the blood flow through the brain is 
the determining factor as far as the brain 
is concerned. The lag in induction time 
which is noted with chloroform over 
xenon occurs in the lung and is due to 
the differences in rate of uptake of the 
two drugs at the alveolar membrane 
capillary interphase. 

Uptake by Bhain and Adipose Tissue 
Interest in uptake of anesthetics by 
adipose tissues has been revived since 
the discovery, by Brodie and his co- 
workers, that ultra short acting barbitu- 
rates accumulate in adipose tissues. The 
thiopental content of the adipose tissues 
in the area of the kidney, omentum and 
subcutaneous tissue may be as much as 
fifty times as great than it is in muscle. 
Initially the barbiturate is distributed 
quickly and uniformly in the watery non- 
nervous tissues. Equilibrium is estab- 
lished within several minutes in all tis- 
sues except muscle and fat. Later the 
muscle (K hour) and the fat ( 1 - 2 J 2 hours) 
reach a peak level; then they slowly de- 
saturate. Data from excised adipose tis- 
sue during ether anesthesia show less 
drug in adipose tissue than brain. This 
is due to relatively poor perfusion of 
adipose tissue compared to brain. The 
release is correspondingly slow. Similar 
findings have been reported for cyclo- 
propane. The bulk of cyclopropane is 
eliminated from the blood \vithin ten 
minutes. Bobbins detected traces in 
blood for several hours after conclu- 
sion of anesthesia. This apparently comes 
from the drug which passes into adipose 
tissue during induction and maintenance 
of anesthesia and which is released when 
the plasma is cleared. The clearance oc- 
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curs at a slow rate due to the fact that 
this tissue is not abundantly perfused. 

Little if any correlation may be made 
between the fat content of tissues and 
the Overton-Meyer theory because of 
the forementioned factors. One must 
also remember that the Overton-Meyer 
theory applies to inert substances and 
excludes reactive materials. Local anes- 
thetics, the barbiturates and numerous 
other non-volatile central depressants 
in many cases, have an aneslhesiophore 
grouping in the molecule which is re- 
active (Chap. 20) and hydrophibc, as 
well as a lipophilic groupijig. Local 
anesthetics, for example (Chap. 21) have 
a grouping which is oriented into the 
lipid phase of the lipo-metallo liydro- 
philic system of a nerve fiber. Local an- 
esthetics are not inert. The basic form 
is lipid soluble. 

Uptake bv Nebvous Tissue 

The variations in solubility of a par- 
ticular drug In different types of b'pids 
contained In the tissues may also be re- 
sponsible in tlie diversity of data avail- 
able on this subject. Localization of an- 
esthetics in greater concentration in one 
part of the brain tli.on anoUjer has been 
postulated by some workers. However, 
this does not appear to be the case from 
the data on hand. Recent data using 
more refined techniques than those of 
earlier workers show that xenon, chloro- 
form and various barbiturates are dis- 
tributed in a nearly uniform manner 
throughout brain. One overlooked fact 
in considering lipophilic substances is 
tliat most tissues, including nervous, are 
chiefly water and the lipid content is 
only a fraction of the total solids. 

Gensler, Nicloux, Hansen, and others 
analyzed tissues of animals anesthetized 


with ether, chloroform and various alco- 
hols. They found that the brain absorbed 
more than other organs but the differ- 
ence was not remarkable. Organs having 
a profuse blood supply, such as liver, 
heart, spleen, kidney, and brain contain 
approximately the same amount of drug 
per unit weight of tissue. Apparently 
the distribution in tissues is a flow 
limited process which is not significantly 
influenced by differences in diffusion, 
permeability or chemical bonding. The 
differences in recovery time between 
volatile anesthetics are presumably de- 
pendent upon rates of transference at 
the blood-air interphase of the pulmo- 
nary bed and not due to differences in 
rates of transference or partitioning be- 
tween the brain and blood. Analysis of 
subcutaneous, mesenteric, peritoneal 
and nerve (peripheral) lipid shows the 
concentrations of anesthetic drugs, such 
as ether and chloroform, are above those 
of other tissues. In some cases the concen- 
tration is ten times as much. The distri- 
bution in these tissues is proportional to 
the calculated amount which would be 
present if saturation were complete. 
Even so, the concentration is below the 
coJcvJated awount. This is expJainabie 
possibly by the poor blood supply of 
these tissues. In these studies, the con- 
centration in blood was visually above 
that of tissues. 

PARTITION BETWEEN BLOOD 
AND PLASMA 

The partition of anesthetic drugs be- 
tween plasma and corpuscles during sur- 
gical anesthesia varies with the type 
drug. Lipophilic anesthetics become 
concentrated in the cells. Tlie hydro- 
philic drugs are found in greater quanti- 
ties in plasma. Red cells contain less 
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drug than plasma. Four times as mudi 
ethylene is present in erythrocytes than 
in plasma. Concentrations of chloroform, 
cyclopropane and Iialothane in cells fol- 
low the same trend as eth}’]ene. The 
higher content in red cells is attributed 
to uptake of the drug by the lipid of the 
cell. However, few studies are corre- 
lated with lipid content of both the 
plasma and cells. Plasma contains con- 
siderable lipid also, perhaps even more 
than red cells in some instances. There- 
fore, this stand cannot be justified. Plas- 
ma, as well as red cells, contains a large 
amount of cholesterol which may con- 
trbute to further variations in results ob- 
tained. 

In summar}’, it may be said that brain, 
which is rich in lipid and has a profuse 
blood supply (53 ml. per 100 gm. of tis- 
sue per minute), but is still chiefly water, 
quickly absorbs more lipid-soIuble anes- 
thetic drugs than other tissues. The adi- 
pose tissues which are ricli in lipids satu- 
rate slowly but once saturated may ex- 
ceed all other tissues in uptake. Desatu- 
ration with adipose tissue is slow; that 
of brain comparatively faster. 

CHANGES IN BLOOD LIPIDS 
DUE TO ANESTHESIA 

The fact that blood lipids are in- 
fluenced by anesthetics was suggested 
by Bibra, Harless and others who noted 
a relationsliip betn'een the lipophih'c 
quality of anesthetics and the lipid na- 
ture of nervous tissues. The effect of an- 
esthesia upon blood lipids has been in- 
vestigated by numerous workers since 
their time. Aiuch of the data are not in 
agreement. This is probably due to vari- 
ation in technique of analysis, depth of 
anesthesia, species differences, failure to 
partition the fractions of lipids, and fail- 


ure to differentiate between serum lipids 
and cellular lipids. Boyd studied the ef- 
fect of anesthesia on blood lipids in 
operated man fallowing nitrous oxide- 
etlier anesthesia. Morphine-atropine pre- 
medication was administered approxi- 
mately one hour previous to induction of 
anesthesia. A differential analysis after 
anesthesia indicated a lowering of the 
neutral and phospholipid content of the 
red cell and plasma neutral fat. Twenty- 
four hours later a lipemia developed. The 
differential analysis indicated an increase 
in neutral fat, phospholipid, and choles- 
terol ester content of red cells, and a 
slight decrease in cholesterol and phos- 
pholipids of plasma. The saturated fatty 
acid fraction in plasma increased during 
the immediate postanesthetic period 
while more unsaturated fatty acids ap- 
peared later when hyperlypemia was 
present. The neutral fat of the cells 
showed an increase in this unsaturated 
fatty acid fraction during anesthesia 
while no change occurred in plasma. An 
increase of free cholesterol was observed 
during the inler\'al of hypolipemia. Es- 
teriRed cholesterol was unchanged. Other 
workers have reported changes in blood 
lipids using other anesthetics. Alcohol, 
ethylene, nitrous oxide, evipal, spinal 
and local anesthesia produce little 
change in blood lipid in man. Riecher, 
Bloor, Mann and others have noted that 
ether and chloroform raise the blood li- 
pids in dogs. Free cholesterol is increased 
during ether and chloroform anesthesia. 
No significant change accompanies an- 
esthesia with nitrous oxide, ethylene, or 
barbiturates. Increases in cholesterol dur- 
ing ether anesthesia may be related to 
disturbances in carbohydrate metabo- 
lism because the rise may be inhibited 
by previously administered insulin. The 
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significance of clianges in blood lipids is 
difficult to evaluate. Whether or not they 
are due entirely to variations of cell vol- 
ume per cent or to plasma volume 
changes is difiicult to say. According to 
the state of our present Imowledge of fat 
metabolism, these changes are of little 
clinical significance. 

Starkenstien and Weden have noted 
a potentiation of the effects of chloro- 
form, ether, barbital, and urethane nar- 
cosis following the intraperitoneal injec- 
tion of cholesterol in experimental ani- 
mals. Foldes and Beecher repeated these 
experiments and obtained similar results 
with ether and pentobarbital. Injection 
of olive oil potentiated etlier narcosis 
but not that of pentobarbital. The exact 
significance of these findings is difficult 
to explain. 

LIPID METABOUSM 

The liver plays the dominant role in 
lipid metabolism. The liver contains a 
variable but significant proportion of li- 
pids under normal conditions. After a 
fatty meal, the lipid content of the liver 
increases, In abnormal conditions and 
diseased states more abnormal fat than 
normal accumulates. The lipids of liver 
contain a higher proportion of unsatu- 
rated fatty acid, chiefly in the form of 
phospholipids and glycerides than do 
other tissues. Four phases of fat metabo- 
lism are ascribed to the li\’er: (1) Oxida- 
tion. (2) Desaturation of partly saturated 
lipid. (3) Synthesis from non-lipid sub- 
stances. (4) Storage. The role of anes- 
thesia in fat metabolism is not known. 

Lipids are oxidized by a process known 
as P oxidation in which the P carbon of 
the fatty acid is attacked by oxygen. 
Each successive carbon is removed in 
this manner imtil the entire molecule of 
acid is reduced to carbon dioxide and 
water. Glucose and insulin were once 


believed essential for the complete oxida- 
tion of fatty acids beyond the 3 carbon 
stage. Recently, newer ideas have been 
evolved concerning the metabolism of 
fats. The older concept of ? oxidation 
has been discarded and tlie idea that the 
entire fatty acid molecule is metabolized 
at one time by simultaneous oxidation at 
alternate carbon atoms with the subse- 
quent formation of ketone bodies is now 
accepted. Also, the idea that insulin is 
essential to oxidize ketone bodies by 
coupling with carbohydrate has been re- 
vived. Ketone bodies can be utilized by 
cells for energy in the absence of carbo- 
hydrate. It is now believed that lipids 
are oxidized to ketone bodies in large 
amounts, when carbohydrate is not avail- 
able, to provide tlie energy which nor- 
mally is supplied by the carbohydrate. 
Ketone bodies can be utilized in the ab- 
sence of carbohydrate. These end prod- 
ucts (keione bodies) accumulate in the 
blood. Two of these ketone bodies, hy- 
droxybut)'ric acid and acetoacetic acid, 
are non-volalile acids. They combine 
with blood base and cause its depletion 
thereby contributing to a metabolic aci- 
dosis. Decarbo.xylation of the acetoacetic 
acid forms acetone which is a volatile 
ketone and not an acid. It is excreted by 
the lungs. Ketone bodies, although most 
commonly found in diabetes mellitus, 
may be noted in starvation, dehydration, 
and other metabolic disturbances. Only 
even-numbered fatty acids are subject 
to P oxidation. 

The lipid present in the liver at any 
given time is a balance of the sum total 
of a number of factors: (a) the rate at 
which the blood supplies lipids to the 
liver; (b) the ability of the liver to ab- 
sorb lipids; (c) tlie ability of the liver to 
oxidize, desaturate, or alter the h'pids; 
and (d) the rate of synthesis of fat from 
non-lipid substances. 
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KETONE FORMATION DURING 
ANESTHESIA 

Fats are Iiydrol}’zed by enzjTnes and 
absorbed by the intestine aided by bile 
and bile salts. They pass into the blood; 
the greater portion passes via the lym- 
phatics. No fat or phospholipids are 
eliminated in urine or sweat. Lipids are 
apparently eliminated by the gastro- 
intestinal tract since feces contain from 
6 to 12% lipid substances. This is usually 
of a different nature from fats found in 
food. 

Ketone bodies increase in blood dur- 
ing anesthesia with most agents but par- 
ticularly with ether, chloroform, and 
vinyl ether. This increase is most promi- 
nent if administration of anesthesia is 
continued for many hours. They form 
after the anesthesia has been in progress 
for a period of time but not early. The 
amount present contributes little if at 
all to the acidosis accompanying general 
anesthesia. Ketone bodies also form dur- 
ing the post-anesthetic period. The 
amount varies according to the previous 
state of nutrition of the organism and 
the degree of disturbance of other bio- 
chemical factors by anesthesia and oper- 
ation. 

The fat content of the liver has been 
noted to be increased following chloro- 
form anesthesia in cases in which hepa- 
titis developed. The chemical composi- 
tion of the lipid in this condition is 
altered and differs in many respects 
from that encountered in that organ nor- 
mally. Neutral fats increase; phospha- 
tides decrease. The increase may possi- 
bly be due to inability of the liver to 
perform its function of desaturation and 
esterification of lipids. The deposits of 
lipid material appear in the center and 
midzonal areas of the lobules of the liver. 
The incidence of experimentally pro- 


ated substances, such as carbon tetra- 
chloride or chloroform is not increased 
if the liver is fatty. On the other hand, 
if fat is given orally several hours before 
the drug is administered, liver damage 
does result. The exact significance of 
this remains to be learned but it is addi- 
tional evidence that the state of nutri- 
tion of the organism is an important fac- 
tor in the development of liver damage. 

There has been an attempt over the 
years to associate unexplainable phe- 
nomena during anesthesia U'ith a lipemic 
state. It was postulated many years ago, 
without adequate evidence, that anes- 
thetics dissolved lipids from the brain 
and transported them to the liver (Chap. 
27). This fact was used in an attempt to 
explain narcosis. There is a periodic re- 
vival of this idea in an attempt to explain 
convulsions during ether anesthesia and 
to link this phenomenon with fat emboli. 
None of the evidence brought forth is 
convincing because it has been obtained 
in animals under conditions to \vhich 
humans are seldom, if ever, e.xposed. 

DEGENERATION OF NERVE FIBERS 
FOLLOWING INJECTION OF 
ALCOHOL 

Histological changes are uncommon 
in nerve tissue after anestliesia. Blood 
borne (general) anesthetics and hypnot- 
ics cause no well-defined, clear cut spe- 
cific changes in neurons. Local anesthe- 
tics may cause transient changes if the 
concentrations employed are excessive, 
but the clinically useful drugs if used 
judiciously are not locally toxic. The 
long-lasting drugs, however, do induce 
changes which may be categorized by 
the general term neurolysis. Such agents 
cause destruction of the a-xone at the site 
of application. ^Vlien a nerve fiber is 
sectioned or the cell body of a nerve fiber 
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axone. They are characterized by cliemi- 
cal alterations of the contained lipids. 
The changes have been called Wallerian 
degeneration, named after Waller who 
first described them. The neurofibrils 
first become tortuous and irregularly 
thickened. The myelin becomes swollen 
and fragmented into ovoid segments and 
then undergoes chemical change. Drop- 
lets of lecithin and cephalin appear at 
first. Later glycerol-phosphates and un- 
saturated fatty acids appear. At this 
stage the fiber stains with nielallo-or- 
ganic compounds, such as silver, osmic 
acid and so on. The acids released from 
the lipid are apparently responsible for 
the staining properties. Subsequently, 
the cellular debris is cleared by phago- 
cytosis. If the nerves possess a neuro- 
lemna, a hollow tube remains. If the cell 
body is intact the nerve regenerates by 
first sending in new neurofibrils into this 
tube and later redepositing the myelin. 
Tile process of regeneration requires 
months. 

Direct application of caustic and de- 
hydrating agents to nerve tissue results 
in destruction of the tissue. This is fol- 
lowed by Wallerian degeneration In the 
same manner as if the nerve bad been 
sectioned surgically. Alcohol and phenol 
are employed for therapeutic nerve 
blocking to produce chemical sectioning. 
Tliis is followed by death of the nerve. 
The degeneration which follows and llie 
reaction observed in histological studies 
is Wallerian degeneration and differs in 
no way from that observed in surgical 
sectioning. 


Application of 85/^ to 95^ ethyl alcohol 
causes degeneration of both the sensory 
and the motor fibers of a peripheral 
ncive. Alcohol destroys mostly sensory 
fibers without affecting motor fibers 
when concentrations of approximately 
QOii or less are used. The selective action 
is an apparent one and is due primarily 
to differences in fiber size. The alcohol 
penetrates the larger fibers more slowly 
and with greater difficulty. However, it 
is capable of destroying all fibers 
whether motor or sensory, if tliese are 
small. 

A latent period follows the injection 
of alcoliol and similar caustic agents 
during which no apparent anesthetic 
effect seems to have developed. The de- 
lay is due to time required for the pene- 
tration of the drug into the nerve and 
for the degenerating action to begin. 
Anesthesia may be partial at first be- 
cause small fibers are affected first. 
Later the effects of destruction of larger 
fibers become apparent. Injections of 
5 ml, of 95% ethyl alcohol into experi- 
mental animals produce a zone of ne- 
crosis approximately 2 cms. in diameter. 
A few drops placed directly on a nerve 
arc more effective and less destructive 
than a larger quantity injected perineu- 
rally. Changes caused by quinine and 
urea, solutions of procaine base in pro- 
pylene glycol or oils, solutions of butyl 
para-aminobenzoate ester (butesin) in 
glycol and suspensions of procaine base 
are all due to neurolysis which produces 
h'lstological changes similar to Wallerian 
degeneration. 
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Enzymes, Hormones and Vitamins 


ENZYMES 

ENZYMOLOGY 


I N THE PREVIOUS CHAPTERS many in- 
stances have been cited in which the 
phannacologic response of a drug was 
interrelated with some chemical reaction 
catalyzed by enzymes. Not only has en- 
zymology become a highly specialized 
field of biochemistry but it also has as- 
sumed a high degree of importance in 
pharmacology. The list of enzymes is 
formidable and is rapidly growing. Tech- 
niques have been devised for their iso- 
lation from tissue slices, homogenates 
(purees) and even from preparations 
which contain intracellular bodies, such 
as nuclei, mitochondria, microsomes and 
so on. 

CLASSIFICATION OF ENZYMES 
Enzjanes are “organic catalysts” elab- 
orated by living cells. They are, how- 
ever, capable of acting independently of 
cells. They do not initiate a chemical re- 
action but merely alter its speed. They 
do not themselves appear to have under- 
gone any chemical change after the re- 
action is completed. As a rule they pos- 
sess specificity. By this is meant that 
they catalyze only a particular type of 
reaction. The substance whose transfor- 
mation the enzyme catal^'zes is knovvm 
as the substrate. TIve suffix “ase” usually 
indicates that a substance is an enzyme. 


It is customary to name enzymes accord- 
ing to the type of reaction they catal)’ze. 
Thus, if an enzyme catalyzes a reaction 
of a hydrolytic nature it is called a hy- 
drolase. If an enzyme is specific for hy- 
drolysis of an ester it is called an ester- 
ase. If it hydrolyzes a protein it is called 
a protease. If it aids in the transfer of 
oxygen it is called an oxidase. If it cata- 
lyzes a reaction in which hydrogen is 
removed from a substance (dehydrogen- 
ation) it is called a dehtjdrase. If it aids 
in the removal of amino groups, it is 
known as a deaminase. Those endowed 
with specific functions are named ac- 
cording to this function. Thus, tirease 
hydroI)'zes urea to ammonia and car- 
bonic .icid and, therefore, is named ure- 
ase after this specific reaction. 

REACTIVITY OF EiNZYMES 
An enzyme is only detectable when it 
is combined with something upon which 
it acts. In other words, a substrate must 
be present to detect that activity. It is 
characterized as being “aetiv'e” when 
the products of the reaction can be iden- 
tified and measured. Enzymes are usu- 
ally associated with other substances. A 
few enzymes have been obtained in a 
pure crj’stalline form by a continual 
fractionation. It must be remembered, 
however, that in a cell a parficu/ar en- 
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zyme does not act individually. Instead, 
it may implement or may oppose llie 
action of other enzymes. The activity of 
a cell is believed to be maintained by a 
mutual simultaneous integration of en- 
zyme activity. The isolation of an en- 
zyme as an individual chemical complex 
removes it from its natural habitat in 
which it is present in the cell and gives 
a distorted picture of its activity. The 
chemical reaction which an enzyme fa- 
cilitates is known and generally fairly 
well understood. The interrelationship 
of this reaction with other reactions 
going on in the cell is not as clear. The 
quantitative significance of the reaction 
in tlie life of a particular cell or of tlie 
organism as a whole, likewise, is not 
clear. 

NATURE OF ENZYMES 
Each enzyme, irrespective of the type, 
contains a protein Imoum as an opo- 
enzyme. No enzymatic activity occurs 
without this protein. Many enzymes act 
only in the presence of another sub- 
stance which carries a particular con- 
figuration referred to as the proslhelic 
gi'oup, Tliis may be a coenzyme or a 
metal. Coenzymes are usually complex 
molecules which can be separated from 
the enz)me protein by dialyzing. Co- 
enzymes are either organic or inorganic 
substances. They may be complex sub- 
stances composed of several organic 
compounds as, for example, coenzyme I 
and II. Coenzj'mes may be ionic in char- 
acter. For example, calcium ion which 
is essential for the conversion of caseino- 
gen to casein by renin may be classed os 
one. Certain enzymes are elaborated in 
inactive forms known as proenzymes- 
These require activators to convert them 
to their active form. The activators are 
known as Idnases. Pepsin is elaborated 


as pepsinogen which is inactive but is 
activated by a substance, enterokinase, 
which converts it to pepsin. Coenzymes 
are required for completion of the reac- 
tion by certain enzymes involved in oxi- 
dative processes, such as dehydrogen- 
ases, fiavoproleins and so on as well as 
by transferring, isomerizing enzymes. 
The metal ions often act as activators. 
The most important are calcium, mag- 
nesium, cobalt, zinc and manganese. 
They, too, are dializable. 

MODE OF ACTION OF ENZYMES 

How an enzjTTie facilitates a chemical 
reaction is not clear. It is believed that 
they first form intermediate compounds 
with a substrate by uniting with certain 
side chains kno^vn as prosthetic groups. 
Tliese combinations of enzyme and sub- 
strate are unstable and break down to 
refonn the en 2 )’me and a new deriva- 
tive. The substrate is transformed to 
new compounds in the breakdown but 
the enzyme reforms and appears not 
to be altered. Enzymes require proper 
environmental conditions for optimum 
activity. Each enzyme acts best at a 
certain optimum temperature, pH and 
concentration. 

Certain tissues contain substances 
known as antienzymes which inhibit the 
action of enzymes. The pancreas elabo- 
rates a substance which combines with 
trypsin to inhibit its proteolytic action. 
An enzjTne may either break down or 
synthesize a chemical substance, de- 
pending upon the environmental con- 
ditions and concentrations. Phosphatase, 
for example, may hydrolize phosphoric 
acid esters into an alcohol and the acid. 
On the other hand, if conditions of equi- 
librium and concentration are changed, 
it may favor the synthesis of the esters 
from the acid and alcohol. The function 
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of an enzyme is merely to accelerate a 
chemical reaction in the direction in 
which it is progressing. One striking fea- 
ture of enzymes is that a relatively small 
amount catalyzes tlie changes of a large 
quantity of substarate. 

DRUGS AND ENZYMES 
Drugs, as has already been mentioned, 
may influence the activity of enzymes. 
For this reason they are of interest to 
anesthesiologists. Narcosis is believed by 
some to be due to inliibition of en^roe 
activity. This is described in more detail 
in Chapter 24. The development of the 
concept of competitive inhibition in 
drug activity has focused attention to 
the effect of drugs on enzyme activity. 
It is well kno^vn that many enzymes are 
inactivated irreversibly by drugs. Thus, 
these drugs are said to act as poisons. 
They may do so in a number of ways: 
(1) The drug may form a stable comple.^ 
^vith the material with which the en- 
zyme should act (substrate) and, thus, 
demobilize the enzyme. (2) The drug 
may combine with the active groups of 
the enzyme protein rendering the en- 
zyme inaccessible to the substrate. (3) 
The drug may unite with the portion of 
the protein which is inert as far as the 
enzyme activity is concerned. This com- 
bination forms a new derivative and 
thus changes the properties of tlie pro- 
tein as a whole. (4) Ihe drug may com- 
bine with the coenzyme factor. This 
union may be with a prosthetic group 


or with a metal essential to initiate en- 
zyme activity. (5) The drug may com- 
bine with Ae complexes formed be- 
tween enzymes and substrates thereby 
preventing the new complex from dis- 
sociating and renewing the enzyme and 
releasing the product of enzyme action. 
(6) The drug may denature the enzyme 
protein. Usually this is irreversible. 

Considerable attention is now being 
directed to^vard studying the action of 
drugs on the activities of enemies. An 
attempt is now being made to explain 
drag actions on a chemical or physical 
basis at the molecular level. The quanti- 
tative determination of the amounts of 
drugs reacting with the active molecular 
groups in the cells may shed light on the 
Idnelics of drug action. The recent de- 
velopments in biochemistry have added 
much to our knowledge of the roles of 
specific enzymes in the chemical reac- 
tions of the cell. This has led to the study 
of the effects of drugs at receptor sites at 
cell surfaces. The discovery and utiliza- 
tion of the principle of competiti\'e inhi- 
bition is an example. It is used exten- 
sively in the search for data on the 
mechanism of action of drugs. 

Inasmuch as enzyme activity and drug 
action is a multi-varied study nothing 
more concerning this subject than the 
generalization which has been made is 
possible here. Specific details concern- 
ing individual situations are mentioned 
in tlie foregoing chapters in the general 
discussion of drugs. 


HORMONES 

INTRODUCTION 


Hormones are often referred to as 
chemical messengers. Hormones are 
elaborated by ductless glands. Because 
of this they are often called internal 


secretions in contradistinction to secre- 
tions elaborated by the exocrine glands 
which have ducts. A hormone may be 
defined as a chemical substance elabo- 
rated by glandular structure in one part 
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of the body, which when carried by the 
blood to another organ or tissue, in- 
fluences the physiological activity of 
that organ. Hormones, therefore, play 
an important role in chemical processes 
of the body. Considerable evidence has 
been presented which indicates that hor- 
mones are linhed with enzyme activity 
in some way or other. Hormones exhibit 
considerable diversity of chemical struc- 
ture depending upon the gland from 
which they are derived. A striking char- 
acteristic of hormones is that they are 
extremely active in small quantities. 
They exist in blood and in the glands 
which elaborate them in very minute 
quantities. A given hormone is clieml- 
cally the same regardless of its plant or 
animal source. Tliyroxin from human 
thyroid gland is identical chemically to 
that obtained from dogs, sheep or other 
animals. 

An endocrine gland may secrete more 
than one hormone. The activities of most 
endocrines are interrelated. The hor- 

Hormoncs of the 
HORMONES OF THE 
ANTERIOTl LOBE 

The pituitary gland is divided into 
three portions, an anterior, a posterior 
and an intermediate part, each of which 
has a different anatomical origin. Be- 
cause of the sharp physiological differ- 
ences between the hormones derived in 
each of these lobes, they are usually 
considered separately. Tlie quantities of 
pituitary hormones elaborated are so 
minute tliat they must be assayed by 
specific therapeutic responses in hypo- 
physectomized animals. The important 
honnones elaborated fay the anterior lobe 
are the (1) adrenotropic, (2) lactogenic. 


mone from one gland may influence the 
production of hormones in another. The 
pituitary appears to he the master or 
controlling gland. It exercises restrain- 
ing or stimulating influences on most of 
the other endocrine glands by means of 
the multitude of hormones it elaborates. 

Under certain conditions of diseased 
or altered physiologic states, a gland 
may be bypoactive and cause symptoms 
due to the reduction in the output of a 
hormone. In conditions where the gland- 
ular tissue proliferates, an excess of a 
hormone may be elaborated or an ab- 
normal liormone may appear. Such 
glands are hyperactive, They then, give 
rise to syndromes characteristic of an ex- 
cess of a given honnone or of liberation 
of abnormal quantities or of abnormal 
forms. 

ANTTHORMONES 

Certain substances known as anti- 
hormones are present in tissues which 
counteract tlie effect of hormones. 

Pituitary Gland 

(3) growth, (4) luteinizing, (5) follicle- 
stimulating and (6) thyrotropic. Extracts 
of the anterior lobe manifest specific 
hormonal effects. However, these effects 
cannot be linked to isolated, purified 
chemical substances according to our 
present knowledge. The hormones which 
have been isolated in the pure forms 
appear to be p\ire proteins. Tlie thy- 
rotropic hormone is the only one which 
has been obtained in a highly purified 
slate but which does not appear to be a 
pure protein. The two hormones of 
greatest interest from the standpoint of 
anesthesia are the adrenocorticotropic 
and the thyrotropic. These are discussed 
further on. 
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ADRENOCORTICOTROPIC HORMONE 

The adrenocorticotropic hormone has 
a specific stimulating action on the 
adrenal cortex. This hormone is also re- 
ferred to as the adrenotropic hormone 
or ACTH. Hypertrophy of both the cor- 
tex and medulla have been observed in 
clinical syndromes characterized by an 
excess of this hormone. On the other 
hand pituitary cachexia is associated 
witli atrophy of the adrenal cortex. The 
injection of adrenocorticotropic hormone 
in large doses into hypophysectomized 
animals causes hypertrophy of the 
adrenal cortex. 

EFTECTS OF ANESTHESIA 
AND STRESS 

It is possible that most forms of stress, 
including anesthesia, cause a general 
increase in sympathetic activity with 
the subsequent release of epinephrine 
and norepinephrine into the blood. This 
in turn causes an increased production 
of the adrenocorticotropic hormone 
(ACTH) fay the anterior pituitary gland. 
This hormone then stimulates the 
adrenal gland to secrete more of the 
adrenocorticosteroid hormones. The 
ACTH release by the glands may also be 
controlled by the blood level of the 
adrenocortical hormones before the 
stress. If this is high, as it might be in pa- 
tients who have been under treatment 
with the corticosteroids before coming to 
operation, adrenocortical function may 
be depressed. There may be, under these 
circumstances, a failure to respond nor- 
mally to stress stimuli. A shock-like syn- 
drome may develop which fails to re- 
spond to conventional iorms of treat- 
ment. The phenothiazines (chlorproma- 
zine) suppress tlie release of adrenocorti- 
cotropic hormones. 


HORMONES OF THE 
POSTERIOR LOBE 
The posterior lobe of the pituitary 
elaborates several hormones. The extract 
of the posterior lobe, pituitrin, yields 
two fractions, one of which contains 
pitressin and the other pitocin. Pitressin 
exerts a stimulating action on smooth 
muscle throughout the body. Thus, it 
may cause a pressor effect. Pituitrin is 
antagonistic to the action of insulin and 
if given in adequate doses is capable 
of preventing insulin shock. Pituitrin also 
increases the amount of fat in the liver, 
an effect which comes on rapidly but is 
of short duration. Protein metabolism 
is probably not influenced by the pos- 
terior lobe. Pituitrin also exerts a marked 
antidiuretic action. This is due to the 
pitressin fraction and comes about 
through the increased tubular absorp- 
tion of water. Pitocin exerts an oxj'toxic 
(contractile) effect on the pregnant 
uterus. Its action on other smooth mus- 
cle in other organs is negligible. 

ANTIDIURETIC HORMONE 
The form in which the antidiuretic 
hormone is stored in the gland is not 
known exactly. Extracts of the posterior 
pituitary containing the stored hormone 
yield a pure protein substance contain- 
ing both the antidiuretic and the oxy- 
loxic fractions. The oxytoxic and the 
antidiuretic principles are separated 
easily from the protein to which they 
seem to be bound. They have been iso- 
lated in pure form and found to be pep- 
tides. The pitressin fraction is now avail- 
able in its synthetic form as vasopressin; 
tlie pitocin as oxytocin. Each of these 
peptides is composed of 8 amino acids, 
6 of wliicli are common to both. Those 
common to both are tyrosine, cystine, 
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aspartic acid, glutamic acid, glycine and 
prolene. The two amino acids found in 
oxytocin not present in vasopressin are 
leucine and isoleucinej the two not 
found in the antidiuretie hormone are 
arginine and phenylalanine. Oxytocin 
and vasopressin each contain 3 amide 
groups. They are often described as 
being octapeptide amides. 

ANTIDIURESIS AND ANESTHESIA 

The antidiuretic hormone and vaso- 
pressin are now hno\vn to be one and 
the same thing. The antidiuretie hor- 
more increases the rate of reabsorption 
of water from urine in the renal tubules 
without modifying the rate of glomerular 
filtration. The hormone presumably does 
not alter reabsorption of water by the 

Hormones of the 
STRUCTURE OF THE GLAND 

The adrenal gland is divided both ana- 
tomically and functionally into two por- 
tions, an outer cortex and an inner 
medulla. The cortex is composed of a 
narrow rim of cells surrounding the ad- 
renal medulla. Both portions secrete im- 
portant hormones. The medullary hor- 
mones, epinephrine and norepinephrine, 
are of considerable interest in both phy- 
siology and pharmacology and are of ex- 
treme importance from the standpoint 
of anesthesia. These substances have 
been described in conjunction wlh tlje 
autonomic drugs in Chapter 15. 

The cortical area is delineated into 
three zones, a glomerular, fascicular, and 
reticular. The characteristics and ar- 
rangement of the cells differ in the three 
zones. Tlie zone nearest the capsule 
(glomerular) contains cells which are 
more or less arranged in loops. Tlic 
middle zone (fascicular) contains cells 
which are arranged in parallel strands. 


cells of the proximal convoluted tubules. 
During anestliesia an increased libera- 
tion of antidiuretie hormone occurs with 
a subsequent reduction in urinary out- 
put. The urinary excretion of the hor- 
mone is increased. The relationship of 
this hormone and urine formation is also 
discussed in Chapter 33. 

HORMONE OF THE INTERMEDUTE 
LOBE 

The intermediate lobe secretes inter- 
medin whose function is to increase the 
deposition of melanin by melanoblasts 
of the skin. Hydrocortisone and cortisone 
both reduce the activity of this hormone. 
No relationship between anestliesia and 
this hormone is knosvn. 

Adrenal Gland 

Tlie most centrally located zone is re- 
ferred to as the reticular zone. All three 
layers produce a group of hormones re- 
ferred to as the steroid hormones (or 
corticosteroids, corticoids), 

STEROID HORMONES 

Tlie adrenal cortex is essential for life 
because it secretes the vital steroid hor- 
mones. Approximately 30 steroid hor- 
mones have been isolated from the cor- 
tex. Of tliese a half dozen are physio- 
logically important. Tlie human adrenal 
cortex secretes primarily hydrocortisone, 
aldosterone, corticosterone, and andros- 
tenedione. Cortisone and desoxycorticos- 
terone are biologically potent steriods 
but they apear to be unimportant, na- 
tural secretory products of tlie adrenal 
gland. Many of the numerous hormones 
which have been isolated are of little 
practical interest. It has been suggested 
that tliey are artefacts which develop 
during the tedious manipulations in the 
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study of the chemistry of adrenal physi- 
ology. 

CHE\nSTRY AND CLASSIFICATION 
The important adrenal corticosteroids 
may, from a cliemical standpoint, be 
placed into two groups. All are deriva- 
tives of the hydrocarbon nucleus called 
the cyclopentanophenanthrene ring. 
Each has 21 carbon atoms (Table 1-35). 
Carbon 20 and 21 appear in the form of 
a keto chain attached to position 17 on 
the pentane ring. In the first group are 
derivatives which have a hydroxyl radi- 
cal at the 17 position. They are called 
collectively the 17 hydroxy corticoste- 
roids. In the second group the hydroxyl 
at position 17 is absent Therefore, they 
are called 17 desoxycorticosteroids. The 
term desoxtj refers to the fact that once 
upon a time an oxygen was present on 
a structure but that it has been removed. 
This must be distinguished from the term 
dehtjdro which indicates that hydrogen 
atoms have been removed from a particu- 
lar position. Each of these two groups is 
composed of at least three specific com- 
pounds. Each differs from the other only 
in the fact that the llposition is occupied 


TABLE 11.35 
Com- 

17 n s 


Name 


—OH =0 =0 

—OH —OH =0 
—OH H =0 

_H ==0 =0 

— H —OH =0 
— H H =0 


E Cortisone 
P Hydrocortisone 
S Desoxyhydroxycorti- 
costerone 

A Dehydrocorticosterone 
B Corticosterone 
D Desoxycorticosteroid 


by (a) a ketonic group, (b) a liydroxyl 
group or (c) a hydrogen atom (desoxy 
group) (Table 11.35). The 17 hydrojy 
compound having a ketone on position 
11 was called compound E (cortisone) by 
Kendall; the one having the hydroxyl on 
position 11 was called compound F (hy- 
drocortisone). Cortisone and hydrocorti- 
sone were among the easiest of these hor- 
mones to synthesize and, thus, became 
available for clinical use long before the 
others. All compounds in both groups 
have a keto group in position 3. 

Other Substances besides the charac- 
teristic adrenal corticosteroids are pres- 
ent in the adrenal cortex. Some of these 
resemble the estrogens and progester- 
ones, while others are similar to the 
androgens. A large quantity of ascorbic 
acid is also found in the adrenal gland. 



Cj’clooentanonhenanthrene 
Ring and Added 
Carbon Chains 


TABLE 1.35 

Hr-O^H 



17-H> drox>’cortieoBt«roid3 


HjCAdH 



17-Defoxycortico3teroids 
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An interrelationship exists between as- 
corbic acid and certain of the adrenal 
steroids but to date there is no conclu- 
sive evidence that indicates what its role 
in adrenal physiology may be. 

Group I, which includes the 17 hy- 
droxy corticosteroids, is composed of 
cortisone, hydrocortisone, 11-deso.xy 17- 
hydrox}' corticosterone and pregnisolone. 
These fractions manifest anti-inflamma- 
toiy activity, such as is encountered in 
various forms of arthritis and associated 
collagen diseases. They favor the break- 
do\vn of tissue proteins to amino acids 
and the symthesis of glucose from these 
acids (gluconeogenesis). Tliey cause a 
suppression of eosinophils and lympho- 
cytes which causes them to disappear 
from the blood stream. Hydrocortisone 
is the chief fraction of tins group in the 
human adrenal. It has a greater water 
solubility than the others and can be 
given intravenously. 

Group II is composed of tlie 17 desoxy 
corticosteroids, This group includes de- 
hvdrocorticosterone, corticosterone, de- 
soxycorticosteroid acetate (DOGA) and 
aldosterone. These fractions largely in- 
fluence the selective retention of water 
and sodium and the selective excretion 
of potassium by the renal tubules. Aldos- 
terone has a salt retaining actinly 10 
times that of desoxy’corlicosteroid. Aldos- 
terone is a naturally occurring steroid 
which can be isolated from nonnal blood 
and urine. It differs chemically from des- 
oxycorticosterone acetate in that it has 
an aldehyde group on position 15 instead 
of a methyl group. Androgen, estrogen 
and progesterone which are also present 
in the gland are responsible for second- 
ary' sex characteristics. One point needs 
emphasis. Overlapping of action occurs 
between the members of the three 
groups of hormones. The androgens pro- 


duced by the adrenal cortex are also im- 
portant in promoting tissue or protein 
anabolism. Loss of axillary hair in women 
with Addison’s disease reflects dimin- 
ished adrenal cortical production, 

MAJOR TYPES 

Three major types of hormones, then, 
may be ascribed as being present in the 
adrenal, those concerned largely xvith 
metabolism (glucogenic), those con- 
cerned with secondary sex characteris- 
tics (androgenic) and the mineral corti- 
costeroids (sodium retaining). An excess 
of these three types produces well de- 
fined syndromes. An excess of the gluco- 
genic hormone results in Cushing’s syn- 
drome. An excess of the androgenic hor- 
mone produces the adrenogenital syn- 
drome, An excess of the mineral regulat- 
ing type of steroids produces aldosteron- 
ism which is characterized by a loss of 
electrolytes and water. A deficiency of 
certain or all cortical hormones results in 
a syndrome often referred to as Addison’s 
disease. 

Besides the forementioned basic func- 
tions the adrenal cortical hormones (1) 
decrease membrane permeability, (2) de- 
crease fibroblastic proliferation, (3) alter 
immune reactions, (4) decrease central 
nervous system excitability, and (5) cause 
regulation of melanin pigmentation. 

RELATIONSraP TO OTHER GLANDS 

Important but complex relationships 
exist between the adrenal glands and 
other endocrine glands. Tlie activities 
of the anterior pituitary, the adrenal 
corle.T, the thyroid, the pancreas and the 
gonads are all interrelated. 'The pituitary 
is the master regulator of the hormonal 
system. The adrenal is one of its target 
glands. The anterior pituitary as has 
been mentioned previously secretes a 
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hormone known as the adrenocorticolro' 
pin (ACTH) which has a strong stimu- 
latory effect on the elaboration of the 
adrenal cortical hormones. Excess ac- 
tivity of the pituitary stimulates the ad- 
renal and causes it to hypertrophy. The 
rate of formation of ACTH by the pitui- 
tary varies with the stimuli from the 
hypothalmus and the level of circulating 
adrenal cortical steroids, 

RESPONSE TO STRESS 

The adrenal responds to stress by in- 
creased production of corticoids. Harm- 
ful exogenous stimuli, such as tissue 
damage, psychic stress, pronounced 
changes in environment and anesthesia 
were found by Selye, in 1947, to enhance 
the pituitary-adrenal response. This re- 
sponse is also known as the stress reac- 
tion or the “alarm” reaction. It is as- 
sumed that this response is beneficial 
because it enables the body to better re- 
sist the deleterious effects of injury. The 
pathway through which this stimulation 
of (he adrenal comes about is via the 
pituitary. This gland liberates ACTH 
which in turn increases the output of 
adrenal corticosteroids. The steroids 
themselves provoke metabolic and other 
changes in the peripheral tissues similar 
to those observed following injurj’. 

It is possible, then, for an acute ad- 
renal cortical insufficiency to follow the 
sudden severe stress, particularly if the 
function of the gland is inadequate to 
cope with the stress. The clinical features 
of this entity evolve rapidly once pre- 
cipitated. The s)'mptoms include nau- 
sea, vomiting, profound weakness and 
circulatory collapse. Adrenal crises are 
especially common in Addison’s disease 
after stress due to trauma, operation or 
anesthesia or an emotional storm, Tliey 
may accompany other conditions, such 


as ovei^vhelming infections, pneumonia, 
typhoid fever or they occur in a person 
with a previously normal adrenal func- 
tion who has developed a relative in- 
sufficiency of the pituitary-adrenal axis 
following discontinuance of ACTH, cor- 
tisone or other corticoid therapy for some 
disease, such as rheumatoid arthritis 
and allergic states or otl)er diseases. 
These individuals tolerate stress poorly, 
as a rule. They should have additional 
steroid therapy when major surgery is 
contemplated. 

Adrenal cortical insufficiency is char- 
acterized by dehydration and potassium 
ion retention since sodium ion is lost into 
the urine and water is lost with it. Pa- 
tients receiving steroids retain sodium 
and lose potassium. 

EFFECTS OF ANESTHESIA 
ON CORTICOIDS 

An increase in the blood level of active 
adrenal cortical substances is noted dur- 
ing anesthesia. Ether anesthesia pro- 
duces the greatest rise while thiopental, 
nitrous oxide and spinal anesthesia pro- 
duce the least. The increased corticoid 
blood levels may be due to (1) increased 
production of these substances by the 
adrenal cortex, (2) to a decrease in liver 
function which might alter the rate of 
conjugation of these steroids and (3) to 
a decreased renal function which might 
prevent the excretion of corticoid sub- 
stances. Tlrere is ample evidence to sug- 
gest that conjugation by the liver is not 
at fault and that increased blood levels 
are definitely due to adrenal cortical 
stimulation. Analysis of the venous blood 
from the adrenal gland in dogs during 
narcosis induced and maintained with 
different anesthetics reveals an increase. 
It is difficult to say why the response is 
different among different anesthetic 



700 Chemistry and Pmjsics of Anesthesia 


agents. The technique of administering 
etlier anesthesia may be responsible for 
the increased level since induction is 
more difBcuIt with this agent. The change 
during spinal anesthesia might be ex- 
plained by the fact that the hypothalamus 
may be stimulated both neurogenically 
and by hormones as well. Therefore, even 
though the afferent impulses are blocked, 
stimulation of the adrenals may still pro- 
ceed by hematogenous transport of hor- 
mones. Anesthesia, if it does play a role, 
appears to play little more than a minor 
one. Surgery is a far greater and a major 
stress. 

HYPOTENSION AND ADRENAL 
IIYTOACTIVITY 

A normal patient reacts to stress by 
an initial increased adrenocortical ac- 
tivity. He survives the ordeal but a 
depression of activity may ensue later 
manifested by a hypotension and de- 
creased steroid output. A patient may 
have a high plasma hydroxy corticos- 
teroid level, yet the tissue receptivity 
may be so altered, for one reason or an- 
other, that the cells are not able to re- 
spond. The vascular system may not re- 
spond to pressor amines and an existing 
hypotension may not respond to blood 
transfusion and fluids because of this 
altered tissue response to the corlicoid. 
The presence of a hypotension which 
does not respond to usual therapeutic 
measures during an operation, however, 
is not necessarily an indication of adren- 
ocortical insufficiency. Other factors may 
operate. The positive inotropic action of 
catechol amines, for example, is absent 
in the presence of respiratory acidosis, 
whereas if alkalosis is present the re- 
sponse of the heart to the pressor sub- 
stances is good. A mechanism appears 


to be present which is responsible for an 
increase in circulating level of hydro.xy 
corticosteroids. It could be due to some 
mechanism which delays the disappear- 
ance of these substances from the blood 
instead of one which causes an increased 
production. One other consideration is 
noteworthy. In shock, the circulation may 
be inadequate to perfuse the adrenal 
gland as well as the tissues to which cor- 
tical substances are delivered. Uptake 
is thereby impaired and the cells are in- 
adequately supplied. 

BLOOD LEVELS OF STEROIDS 
A rise in circulating corticosteroids 
may indicate several processes. It may 
Indicate an increased activity of the 
adrenal. On the other hand, it may be 
a manifestation of decreased hepatic de- 
struction or conjugation of the hormone. 
It may also indicate decreased renal 
excretion due to altered tissue utiliza- 
tion. The urinary e.xcretion of 17 hydroxy 
corticosterone does not reflect a true pic- 
ture of the over-all adrenal cortical re- 
sponse to surgical trauma, since both the 
conjugated and active hormones are 
measured simultaneously by this test. 
More would be learned by studying eii- 
culaling blood levels of active adrenal 
cortical hormones as they influence body 
tissues. The fact that the adrenal re- 
sponds with increased production is not 
necessarily the important consideration. 
How the cells respond to the excess is 
more important. The greater the magni- 
tude of the operation, the greater the 
cortical response. The influence of age 
has been incriminated in the adrenal re- 
sponse. It has been said that the older 
patient does not respond as well or with 
adequate levels as the younger. This 
has been found not to be so. The adrenal 
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cortical response in the aged appears to 
be equally as good as tliat of other age 
groups. The only reason for a possible 

Hormones of the 

FUNCTION OF THE GLAND 
The thyroid gland is essential for die 
control of metabolic activity. This ac- 
tivity is confened by an iodine contain- 
ing globulin known as thyroglobulin. Be- 
sides thyroglobulin two other iodine 
containing substances are found in the 
gland, thyroxine and diiodotyrosine. Tlie 
latter compound is inactive physiologi- 
cally. However, it acquires activity when 
it combines with a protein. Thyroxine is 
a crystalline, iodinated, amino acid. The 
physiological activity of thyroglobulin 
is greater than that of thyroxinin in its 
free form. Diiodotyrosine is considered 
to be the precursor of thyroxine. Radio- 
active iodine is rapidly incorporated into 
thyroglobulin. It makes its first appear- 
ance as diiodotyrosine. Anti-thyroid 
drugs, such as thiouracil, propylthioura- 
cil, methylthiouracil and thiourea pre- 
vent the gland from incorporating inor- 
ganic iodine into the organ. Gradually, 
the active thyroid compounds are re- 
duced. The thyroid hormone catalyzes 
Oxidative processes in tissues. Thus, it 
elevates the general metabolic rate. 
Thyroxin influences carbohydrate me- 
tabolism and causes glycogenolysis. 

ANESTHESIA AND THYROID 
FUNCTION 

Tlie effects of anesthesia upon the 
thyroid gland are not clearly understood. 
Little data is available particularly in 
man. If for no other reason the thyroid 
gland and its hormones are of interest 
in anesthesia because they influence the 


decreased tolerance to stress in the aged 
is the diminished vascular reactivity 
which these subjects manifest. 

Thyroid Gland 

metabolic rate. Hyperactivity of the thy- 
roid gland and hypersecretion and ad- 
ministration of endogenous thyroxin 
cause an increase in metabolic rate. 
Oj^gen consumption, carbon dioxide 
excretion and heat output are all in- 
creased. 

Kobn-Richards observed that prelimi- 
nary administration of thyroxin to frogs 
increased their susceptibility to sodium 
thiopental narcosis. Similar responses 
have been reported for man during 
chloroform and ether anesthesia. The ef- 
fect following ether was less pronounced 
than with chloroform. Thyroxin has been 
recommended as an antagonist for severe 
depressions due to hypnotic and narcotic 
overdosage, such as avertin, the barbitu- 
rates and morphine. The hormone is of 
questionable value for such purposes be- 
cause a latent period of a number of hours 
must precede the onset of physiological 
action of the homione. By the time the 
effect is estabbshed it may be too late. 

Recent investigations suggest a possi- 
ble relationship between surgical trauma 
and altered thyroid function. Some 
workers postulate that the thyroid gland 
is an important participant in the re- 
sponse to stress. Hayes and his associates 
noted an increased utilization of thy- 
roxine in surgical patients. Their data 
su^ests that the thyroid gland is acti- 
vated by operation and that there is an 
increase in utilization of endogenous 
thyroid hormones. Thus, increased level 
of circulating hormone is present in tlie 
face of increased utilization. 
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The factors altered by anesthesia 
which might influence function of the 
thyroid secondarily are many. Variations 
in kidney function, blood circulation, 
degree of central nervous system stimu- 
lation, activity of the pituitary and the 
adrenals may upset thyroid function. 
Some investigators have suggested that 
thiobarbiturates directly depress the 
activity of the thyroid gland because they 
are closely allied to the antithyroid drugs. 
The antithyroid drugs are thioamidcs. 
The most prominent of these contain 
thiourea, which is also present in the 
thiobarbiturates. Tims, thiouracil, pro- 
pylthiouracil and related compounds are 
allied to the thiobarbiturates. The mode 
of action of antithyroid drugs is not 
known with certainty. They appear to 
affect the iodination of tyrosine. They 
do not prevent the accumulation of io- 
dine in the gland. It may be that they 
compete with the substrate for iodine. 
Thiourea which forms the basis of Ihiour- 


acil and other antithyroid drugs is like- 
wise present as the thiourea residue in 
tiiiopental. Thus, they inhibit the forma- 
tion of thyroxin and thyroglobulin. Tliey 
do not interfere with the action of in- 
jected thyroxin. 

IODINE UPTAKE DURING 
ANESTHESIA 

The effect of anesthesia on the uptake 
of radioactive iodine has been studied 
by Oyama. Cyclopropane and ether both 
inhibited the two hour thyroid uptake 
in rats. Ether likewise depressed the ac- 
tivity. A significant depressant effect was 
obtained when thiopental was used. 
With ether and cyclopropane the up- 
take was normal witliin 24 hours. This 
was not the case with thiopental, how- 
ever. Little data of significance in hu- 
mans is available. Free iodinated amino 
acids such as tri-iodotliyronine may exert 
a role in thyroid function. Iodides admin- 
istered during anesthesia are ineffective. 


Hormones of the Parathyroid, Gonads and Other Glands 


A discussion of the hormones derived 
from the male and female gonads in the 
body is a sw-pexfiwoos wwdextakvnj at 
tliis time and serves no purpose here, 
since no definite relationship has been 
established between their activity and 
clinical anesthesia. 

PARATHYROID AND 
PARATHORMONE 

parathormone is a hormone elaborated 
by the parathyroid gland which con- 
trols calcium-phosphorus metabolism. 
No relationship has been established be- 
tween parathyroid activity and anesthe- 
sia. 

THYMUS 

Little specific informadon is available 


concerning the secretions of the thymus. 
Tlie thymus was once incriminated in 
\vne%pectod deaths ocowrrmg dwring 
anesthesia. No relationship has been 
established between the thymus gland 
or any secretion in the so-called status 
thymoljTnphaticus. Some inconclusive 
evidence has been presented suggesting 
a relationship between an enlarged thy- 
mus and adrenocortical hj'pofunction. 
This remains to be confirmed. 

GASTRONTESTINAL HORMONES 
No realtionsliip has been established 
between the hormones elaborated in the 
gastrointestinal tract, such as gastrin, 
secretin, cholecystokinin, and enterogas- 
terone and anesthesia. 
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GENERAL NATURE 
Vitamins are essential exogenous sub- 
stances obtained from food. Their chem- 
istrj'^ has been little understood until re- 
cent )'ears. Apparently they play diver- 
sified but important roles in cellular 
reactions. Considerable evidence exists 
tliat they are important in cellular oxida- 
tions. They are usually considered to- 
gether in one group because they are 
associated wth nutritional processes- 
Until recently vitamins were classed ac- 
cording to their solubility in water or 
lipoid and were identified by using let- 
ters of the alphabet. Recently, as more 
has been learned of their structures, 
physiological behavior and reactions, 
there has been a departure from this 
method of classification and they have 
been classed as are other biochemical 
substances— according to structure, func- 


tions or source. Certain vitamins which 
were formerly believed to be single sub- 
stances hav’e been found to be com- 
plex mixtures. Notable among these is 
vitamin B, which has been referred to 
as the Vitamin B complex because it is 
composed of nearly a dozen dissimilar 
chemical substances. The exact relation- 
ship of vdtamins to anesthesia and opera- 
tion still remains to be determined. They 
should be of interest to the anesthetist 
because they are intimately concerned 
with enzymatic and other biochemical 
reactions going on within the organism. 
TJie identification and assay of vitamins 
has been difficult but has recently been 
simplified to a certain extent by the 
introduction of micro-techniques involv- 
ing fluorometr)'. Heretofore tedious bio- 
logical assays were necessaiy' and data 
obtained were nowhere near as specific. 


Vitamin A 


CHEMISTRY 

The term vitamin A has been used to 
designate a number of chemically and 
physiologically related substances. The 
sources of these vitamins are certain 
plant pigments known as carotenes or 
carotenoid pigments. Three carotenes, 
a, B, and y carotene have been described 
which yield the vitamin. Beta carotene 
splits into two molecules of vitamin A. 
The ct and y carotenes yield only one 
molecule of tlie vitamin. Carotenes are 
all formed in plant life but after inges- 
tion by animals are transformed to vita- 
min A by the liver (in man). Chemically, 
vitamin A is a high molecular weight 
alcohol. Two fractions have been de- 
scribed, At and As. Vitamin As is 1/100 
as potent as Ai. Vitamin A is easily de- 
stroyed by oxidation and heat. It is stored 


in the liver (90^ to 93%) in the form of 
esters. 

FUNCTION 

Vitamin A and related products are 
fat soluble substances. They are ab- 
sorbed from the gastrointestinal tract as 
are fats. Bile is essential for their ab- 
sorption. Vitamin A is essential for proper 
function and resistance of epithelial cells 
throughout the body. Atrophy of epi- 
thelial tissues and mctalopia, or night 
blindness, results in cases of deficiency. 
The vitamin is essential for the sjoithesis 
of visual purple (Rhodopsin). 

One might anticipate an association 
between Ibis v’itamin and anesthesia in 
view of the fact that both are lipoid 
soluble. No relationship has been found 
to exist, however, and it is doubtful that 
any e.vists. 
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Vitamin D 


CHEMISTRY 

The term vilamin D has been used to 
designate a group o{ related substances, 
all of which are sterols, and all of which 
are found in nature. Tlrese substances ate 
essential for the absorption and metabo- 
lism of calcium and phosphorus. Two 
forms of the naturally occurring vitamin 
D are known. One of these is often re- 
ferred to as calciferol or viosterol (vita- 
min Di), Tliis is obtained by the irradia- 
tion of ergosterol which is related to and 
almost similar in structure to cholesterol. 
Ergosterol is referred to as a provitamin 
Ds. It is found in ergot and yeast. If 7, 
dehydrocholesterol, a sterol found in the 
skin and milk, is irradiated, vitamin Dj 
forms. This occurs in nature in fish liver 
oils. Vitamin D is absorbed after oral. 


subcutaneous, and intramuscular admin- 
istration. Bile is essential for its absoip- 
lion from the intestine. The exact fate of 
vitamin D in tlie body is not known. 
However, the vitamin is not destroyed by 
the tissues. Vitamin D is slowly excreted. 

FUNCTION 

Exactly how vitamin D increases the 
retention of calcium and phosphorus is 
not knoum. Some investigators feel that 
vitamin D aids in the absorption of 
calcium and phosphorus; others feel it 
acts locally to aid in the decomposition 
of calcium and phosphorus salts. The 
vilamin is essential for the prevention of 
rickets. There is no known relationship 
between the vitamin and anesthesia and 
it is doubtful that any exists. 


Vitamin E 


CHEMISTRY 

The term vilamin E, as is the case 
with other vitamins, designates a group 
of compounds which possess vitamin E 
activity known as the locopherols. To- 
copherols are alcohols, Three alcohols 
are known which have the biological 
function of this vitamin— a, P, and ). to- 
copherol. 

FUNCTION 

Vitamin E is essential for sexual func- 
tion of rats and other experimental ani- 
mals. Tire exact role of the vitamin in 
the human is not knorvn. However, it is 
believed that wtamin E is essential for 
tlie auto-oxidation of fats. The most 


striking properly of the locopherols is 
an anti-oxidant activity which appears 
to be directed principally to fats. Fat 
from vitamin E deficient animals is ab- 
normally subject to oxidation. Ho%vever, 
this may be stabilized by a tocopherol. 
Tlie locopherols protect vitamins (A) 
from oxidatiem if added to food. Recent 
studies show that the vitamin is of bene- 
fit in the treatment of muscular dystro- 
phies in animals. However, this has not 
been found to be so in man. The exact 
relationship of the vitamin to human 
disease is not k-norni. No relationship has 
been established between the vitamins 
and anesthesia and it is doubtful that any 
exists. 


Vitamin K 

FUNCTION of prothrombin which is one of the 

Vitamin K is of intense interest in necessary factors for clotting of blood, 
surgery since it catalyzes the formation The formation of prothrombin is largely 
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dependent upon components of the 
hepatic parenchyma. Advanced hepatic 
damage may be accompanied by hypo- 
prothrombinemia even though the sup- 
ply of vitamin K is ample. Vitamin K de- 
ficiency causes uncontrollable hemor- 
rhage. The vitamin is wdely distributed 
in foods. The enzyme may also be syn- 
thesized by the organisms of the intes- 
tine. In the first days of life the intes- 
tinal flora may not produce enough 
vitamin K for the infant’s needs. This 
may lead to hypoprothrombinemia. Vita- 
min K competes inhibitively with cou- 
marin and drugs of its type and reverses 
their anticoagulating effect. 

CHEMISTRY 

Vitamin K is a fat soluble substance 
which is readily absorbed from the in- 
testinal tract. The vitamin, which was 
discovered by Dam (1935), has been re- 
solved into two naturally occurring sub- 
stances whose basic configuration is 


naphthoquinone. These were called vita- 
mins Ki and Ks. Both have been synthe- 
sized. A number of other naphtho- 
quinone derivatives have been prepared 
which possess the activity of the vitamin. 
A normal liver can produce prothrombin 
only if enough vitamin K is present. The 
diet must contain vitamin K or its pre- 
cursors at all times since the vitamin is 
not easily stored in the body. As is the 
case with other fat soluble vitamins bile 
is essential for absorption of the vitamin. 
Prothrombin deficiency results if liver 
function is impaired, or bile is absent in 
the gastrointestinal tract In obstructive 
jaundice the absorption of vitamin K 
may be poor and inadequate formation 
of protlirombin results. 

Although no relationship has been 
established between vitamin K and anes- 
thesia, its importance in surgery cannot 
be over-emphasized because of the role 
it plays in hemorrhagic states. Difficulties 
may arise due to deficiency. 


Vitamin B Complex 

The term vitamin B has been used to The complex is now fcnown to include 
designate a group of important vitamins, thiamine (Bi), riboflavin (Bs). niacin 
The entire group is better known as the (P-P factor), pjTidoxine (Ba), pantothenic 
vitamin B complex. Most of the individ- acid, lipoic acid, biotin, folic acid group, 
ual members in the vitamin B comple.T inositol, para-aminobenzoic add and 
have been identified and synthesized, vitamin Bw. 


Thiamine 


CHEiHSTRY 

Thiamine chloride was one of the first 
members of the complex to be studied. 
The substance is a complex base which 
forms salts with acids. It is available sjm- 
ihetically in the form of the hydrochlor- 
ide. The hydrochloride is a white, water 
soluble powder which is stable and may 
be heated in acid solution without dis- 


turbing its potency. Most tissues, particu- 
larly the liver, brain, heart and kidney 
may store the vitamin. However, the ca- 
pacity to do is limited. High vitamin diets 
fax-or storage of small quantities but the 
excess over basic requirements is elimi- 
nated in the urine. Vitamin B is inacti- 
vated in the body. The rate of destruction 
is accelerated when there is an increase in 
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metabolic rate, exercise, or ingestion of 
thyroid extract, 

FUNCTION 

Absence of the vitamin causes poly- 
neuritis, gastrointestinal, and vascular 
disturbances, hypotension and failure of 
the right side of the heart. Endocrine 
disturbances also accompany extreme 
deficiency, 

The vitamin forms a diphosphate 
(thiamine pyrophosphate) which acts as 
a coensynic in carbohydrate metabolism. 
This coenzyme facilitates the decarboxy- 
lation (splitting off of carbon dioxide) 


from keto acids of the type exemplified 
by pyruvic or alphaglutaric acid. With- 
out it the organism cannot convert pyru- 
vic acid to acetic aldehyde and carbon 
dioxide. The acid then accumulates in 
nerves and tissues. 

No direct relationship of the vitamin 
to clinical anesthesia has been estab- 
lished. Tlie vitamin however is con- 
cerned with carbohydrate and phos- 
phoric acid metabolism. These metabolic 
processes are disturbed during anesthe- 
sia. Thiamine antagonizes to a certain 
extent the action of non-depolarizing 
drugs. (Chap. 23). 


Riboflavin 


CHEMISTRY 

Riboflavin (also known as lactoflavin, 
vitamin Bj and vitamin G), is one of a 
group of yellow fluorescent pigments 
known as RlboSavin is involved 

in intermediary metabolism. The sub- 
stance is heat stable, water soluble, and 
may be crystallized in the form of 
yellow-orange needles, Riboflavin is dis- 
tributed throughout all body tissues. The 
concentration in various organs remains 
fairly constant. The vitamin is essential 
for growth, hr function of the nert'ous 
system, and for nutrition of the skin. 


Cataracts, comeal opacities, and dis- 
turbances of the skin may result from 
a deficiency of the vitamin. Biochemi- 
cally, the vitamin is important as a co- 
enzyme in oxidative processes character- 
ized by Ijydrogen transfer, In the cell 
it serves both as a hydrogen donator and 
acceptor. The enzymes are called flavo- 
proteins. Two forms of riboflavin exist in 
enzyme systems, riboflavin pliosphate 
(riboflavin mononucleotide) and flavin 
adenine dinucleolkle (FAD) (Chap. 27). 
There is no known relationship }?etween 
the enzyme and anesthesia. 


Nicotinic Acid (Niacin) 


CHEMISTRY 

Nicotinic acid is also a member of the 
B complex. The structure is a 3-pyriiUne 
carboxylic acid. Nicotinic amide (Nia- 
cin amide) is also associated with nico- 
tinic acid and is physiologically as ac- 
tive as nicotinic acid. Nicotinic acid is 
a water-soluble, white powder composed 
of needles which possess a slightly bitter 
taste. Solutions of nicotinic acid may be 
sterilized by heat. 


FUNCTION 

Tlie vitamin is readily absorbed from 
the gastrointestinal tract and is excreted 
into the urine as a conjugate or as a 
methylated derivative. Nicotinic acid is 
biochemically important because it func- 
tions as a constituent of two important 
enzymes, diphosphop^TidinenucIeotide 
(DPN, coenzyme 1) and triphosphopyri- 
dincnucleotide (TPN, coenzyme II). The 
function of both enzymes has been de- 
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scribed in Cliapter 27. DPN is composed 
of two molecules of a pentose sugar, 
di ribose, two molecules of phosphoric 
acid and a molecule of the purine base 
adenine. TPN differs from DPN only in 
the presence of one additional phos- 
phoric acid esterified to the hydroxyl 
group of the second carbon of the ribose 
attached to the adenine. The two en- 
zymes are inter-convertible. They both 
function as hydrogen carriers. Each be- 
comes reduced by accepting an atom of 
liydrogen from tlie metabolite. One 
atom of hydrogen is transferred from 
the metabolite. A third pyridine nucleo- 
tide has been discovered which is called 
coenzyme III, The amino acid, trypto- 
phan, normally contributes to the nico- 
tinic acid supply of the body. Nicotinic 
acid is essential for the formation of 
glutathione and in sulphur metabolism. 
Deficiency of nicotinic acid results in 


pellagra. 

Although the vitamin is related to the 
alkaloid, nicotine, their physiological 
functions do not in any way resemble 
each other. Nikethamide, a drug widely 
employed as an analeptic, is the diethyl- 
amide of nicotinic acid. This relation- 
ship in the light of present day knowl- 
edge is merely coincidental. Nicotinic 
acid is relatively non-toxic. 

No definite relationship has been es- 
tablished between nicotinic acid and 
eJinicaJ anesthesia. However, the rela- 
tionship of the enzyme to respiratory 
enzymes is of interest since enzyme ac- 
tivity is influenced by drugs. Narcotics 
may cause suppression of cellular oxida- 
tion, even though it is now well estab- 
lished that the dehydrogenases are not 
included among those enzymes which 
may be suppressed during anesthesia 
(Chap. 27). 


Pantothenic Acid 


CHEMISTRY AND FUNCTION 
This vitamin is also one of the numer- 
ous members of the vitamin B complex. 
It occurs in large amounts in yeast, liver 
and wheat germ. The enzyme is ex- 
tremely important in metabolism. The 
enz)Tne is important as a constituent of 
coenz)Tne A (acetylase). This coenzyme 
is essential for reactions involving ace- 
tylation. For example, it is utilized by 
combination with oxalacetic acid to form 
citric acid which initiates the tricarboxy- 
lic acid cycle. It is responsible for the 


combination of acetic acid with choline 
to form acetyl choline or wth drugs 
such as sulfanilamide which are ace- 
lylated prior to excretion. Animals de- 
ficient in the enzyme exhibit hemorrhage 
and necrosis of the adrenal cortex and 
an increased appetite for salt. Acetic 
acid is a precursor of cholesterol and of 
the steroid hormones. The acetic acid 
used for this synthesis is catalyzed by 
coenzyme A. The enz^ane is essential in 
the metabolism of carbohydrate, protein 
and fat. It has been synthesized. 


Pyridoxinc 

CHEMISTRY nicotinic acid since it is a pyridine de- 

Pyridoxine is also a part of the vitamin rivative. TJie \itamin was once referred 
B complex. Chemically il is related to to as vitamin B., It occurs in yeast, liver 
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and wheat germ. It was once known as 
the anti-dermatitis factor. Pyridoxine is 
not the most active form of the enzyme 
in the body. Two otlier derivatives, py- 
rido.val and pyridoxaine are more active. 

FUNCTION 

Pyridoxal is the prosthetic group and 
functions as a coenzyme of several en- 
zymes. It is codecarboxylase which de- 

Ascofbic Actd 

CHEMISTRY 

Ascorbic acid (vitamin C, cevitamic 
acid) is a water and alcohol soluble 
vitamin which is available in synthetic 
form. The history of the discovery of 
vitamin C is common knowledge to all. 
The chemical structure resembles that 
of a monosaccharide. The vitamin is 
readily destroyed by heal and oxidation. 
Boiling, drying, or aging of the vitamin 
reduces its effectiveness. Vitamin C is 
easily absorbed from the intestinal tract 
and is distributed to all body tissues. 
The tissues with highest metabolic re- 
quirements appear to possess tlie greatest 
quantity. The lowest concentrations are 
reported in muscle and stored fat. The 
adrenal gland contains large quantities 
of vitamin C. Stimulation of the gland 
by the adrenocorticotropic hormone 
leads to depletion. Increased losses of 
the vitamin occur during high fever, par- 
ticularly when bacterial infections are 
present. Tlie vitamin may play a role 
in the reaction of the body to stress. 
Most mammals do not require an ex- 
trinsic supply of the vitamin since they 
have acquired the ability to synthe- 
size it from their own tissues. Man, 
on the other hand, requires an exogenous 
source. 

Tlie blood level of vitamin C ranges 


carboxylates tyrosine and other amino 
acids and is also a cotrans-aminase and a 
coenzyme with disulphurases. Pyri- 
doxaine is required to convert trypto- 
phan to nicotinic acid. 

No relationship has been established 
between this enzyme and anesthesia but 
its presence is so fundamental in ezymatic 
reactions that a knowledge of its activity 
is essential. 

(Vitamin C) 

from 1 mgm. to 2 mgm. per 100 cc. 
Values below 0.5 mgm. indicate defi- 
ciency. Amounts less than 0.15 mgm. are 
usually associated with scurvy which is 
attributed to the deficiency of the vita- 
min. A rend threshold of approximately 
1.4 mgm. per 100 ml. of blood exists for 
vitamin C. Excess ingestion of vitamin 
C is secreted in the urine. 

FUNCTION 

Vitamin C is necessary for a number 
of essential body functions. Intracellular 
oxidation depends upon vitamin C. The 
vitamin is also essential for the forma- 
tion of colloidal materials which are 
found in collagen, bones, and other 
skeletal structures. Vitamin C is essential 
for proper healing of wounds and has, 
therefore, recently assumed importance 
in surgery'. Lack of vitamin C prevents 
fibroblasts from forming collagen and 
other forms of connective tissue. It 
causes weakness in the capillaries and in 
bones since the osteoblast requires it to 
form tissue. Vitamin C is essential for 
the formation of the intracellular cement. 
The permeability of the endothelium of 
the capillaries is decreased in deficiency 
states giving rise to hemorrhages in the 
slan and mucous membranes. Supplying 
the vitamin relieves the defect. 
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RELATION TO ANESTHESIA 
Vitamin C may bear some relation- 
ship to anesthesia. Bowman and Munt- 
wyler observed a marked increase in 
urinary output of ^utamin C following 
ether anesthesia. Bartlett and Jones 
studied the vitamin C output in man 
but their data revealed that the in- 
creased output is not as striking as that 
seen in animals. Dilantin sodium ad- 
ministered to guinea pigs which had 
been on a vitamin C free diet but who 
were subsequently given ascorbic acid 
(5 mgm.) caused the ascorbic acid level 

Lipoic 

This substance is a sulphur-containing 
fatty acid, 6, 8, dithiooclamic acid. The 
oxidative decarboxylation of pyruvic 
acid and keto glutaric acid involves both 
thiamine and lipoic acid as ^veIl as Ilpo- 


to fall markedly. Three weeks were re- 
quired for a return to normal. The level 
of vitamin C in spinal fluid is un- 
changed in chloroform and ether anes- 
thesia in rabbits. In animals barbiturates 
(Nembutal) produces a more intense and 
severe hypnosis in vitamin C deficient 
animals. The hypnosis is reversed by tbe 
administration of vitamin C. Thiopental 
(Pentothal) did not behave similarly, 
however. It has been suggested that the 
mechanism of detoxification of thio- 
pental does not require the vitamin C for 
completion while the pentobarbital does. 

Acid 

thiamide pyrophosphate. In its active 
state in the tissues lipoic acid is closely 
associated with thiamine pyrophosphate. 
Relationships to anesthesia have not 
been demonstrated. 


Biotin 


Biotin is a complex substance. It, too, 
is a member of the B complex- It is 
valeric acid with one of the hydrogen 
atoms of the terminal carbon substi- 
tuted by complex ring called hexahydro- 
2 0X0,1, thieno, 3,4, imidazol. It is 


thought to function as a coenzyme in 
the “fixation” of carbon dioxide and 
lakes part in the production of dicar- 
boxylic acids to maintain the tricar- 
bo^q'lic acid cycle. Relationship to an- 
esthesia has not been established. 


Inositol 

Inositol is hexahydroxycyclohexane. mation of inositol containing lipids. No 
Together with choline it has a lipotropic relationship to anesthesia has been es- 
action. It is also associated with the for- tablished. 


Vitamin Bi* 

This vitamin is known as the anti- sj’nthesis, (3) in the synthesis of meth- 
pemicious anemia factor. The exact ionine from homocystine, (4) possible 
structure has not been defined- It is be- roles in carbohydrate and fat metabo- 
lieved to be involved in (1) the synthesis lism. Relationship to anesthesia has not 
of labile methyl groups, (2) nucleic acid been established. 



CHAPTER S6 


Metabolism and Anesthesia 


DEFINITION OF METABOUSM 

M etabousm is a general term used 
to designate chemical processes 
occurring within the organism which 
supply energy for activity and vital body 
functions. The chief substances from 
which this energy is derived are car* 
bohydrates, fats and proteins. These 
substances are composed principally of 
carbon, hydrogen, and oxygen. The en- 
ergy results from oxidation and the 
end products are carbon dioxide and 
water. Oxidation is accomplished by a 
multitude of complex reactions aided 
by innumerable enzymes which are 
too numerous to be described here. 
Some of these enzymatic processes arc 
influenced by drugs, including anesthet- 
ics. The oxidative processes occur in 
steps in many cases and may be halted 
at some intermediate phase and partially 
oxidized substances accumulate in the 
tissues. The oxidation of alcohol, for ex- 
ample, may be halted at the aldehyde 
stage by disulfuram (antabuse) instead 
of proceeding all the way to the ter- 
minal stage which yields carbon dioxide 
and water. The disulphuram inhibits 
one of tire steps of intermediary me- 
tabolism and acetaldehyde accumulates 
in the tissues. 

The utilization of carbohydrate by the 
organism yields 4.1 calories per gram, of 
protein 4.1 calories, and of fat 9.3 
calories. The ratio of the volume of car- 


bon dioxide liberated per unit of time 
to the volume of oxygen required for 
complete combustion is constant for a 
particular type of food substance. This 
ratio is referred to as the respiratory 
quotient (R.Q. = COi/Oj). When car- 
bohydrate alone is consumed, the R.Q. is 
1; when protein is consumed the ratio is 
0.8 and fat, 0.7. The R.Q. serves as a 
clue to the type of food consumed. In 
on ordinary mixed diet, the R.Q. is ap- 
proximately 0.85. Heat production bears 
a direct relationship to the oxygen con- 
sumed, the carbon dioxide excreted and 
the nitrogen eliminated. Heat produc- 
tion may, therefore, be computed from 
these three quantities if they are known. 
Heat production is expressed in calories 
per unit area of body surface per unit 
of time. Ordinarily it is expressed in 
calories per square meter per hour. The 
rate of lieat production by tlie entire or- 
ganism is kmowm as the metabolic rate. 
Sioce the heat output varies widely with 
activity determinations are made at cer- 
tain standard conditions referred to as 
basal conditions. Tlje rate of heat output 
is known as the basal metabolic rate. 
The basal metabolic rate (B.M.R.) is 
the amount of heat released by a subject 
who is awake, in the post-absorptive 
state (fasting), at mental rest, and re- 
laxed (lying down). Tlie B.M.R. of a nor- 
mal adult of approximately 25 years of 
age is 39.8 calories per square meter per 
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hour. This is the absolute figure. The 
B.M.R. is usually expressed in a relative 
manner in per cent deviations from nor- 
mal. The B.M.R. of a subject producing 
the normal quantity of heat is expressed 
as 0?. Values in heat output above nor- 
mal are expressed in per cent above the 
normal with a plus sign preceding them. 
A heat output of 43.6 Gal./sq.m. per 
hour represents an increase of lOX above 
expected values. The B.M.R. therefore 
would be indicated as +1055. A heal 
production of 38.22 calories is 10% be- 
low normal and is, therefore, expressed 
as — 102. 

VARIATIONS WITH 

PHYSICAL STATUS 
The B.M.R. varies with age, sex, cli- 
mate, and physical state of the subject 
Metabolism is highest during infancy. 
The highest value is usually attained at 
the end of the first year of life. At this 
time the B.M.R. is approximately 50 
cal./sq,m. The output gradually de- 
clines until puberty during which time 
an upward rise of several calories per 
sq. meter per hour occurs. After this the 
rate reverts to normal and maintains a 
plateau up to the age of 40 and then 
declines. After 40 a steady gradual de- 
cline occurs. The metabolic rate is de- 
creased during sleep. The B.M.R. in fe- 
males is approximately 7% less than that 
of males. During pregnancy, the overall 
rate increases due to the added meta- 
bolic activity of the fetus. The B.M.R. 
of the mother, however, does not change. 
Variations due to race and climate are 
negligible. 

VARIATIONS DUE TO DISEASE 
Tile B.M.R. is increased during fever 
(7% for eacli 1°F. rise), hypertliyroidism 
diabetes insipidus, cardiac decompensa- 


tion, leukemia, anemia, essential hyper- 
tension and polycythemia. Tlie meta- 
bolic rate is decreased in certain en- 
docrine disturbances. Syndromes which 
cause hypofunction of the pituitary, thy- 
roid or adrenal, such as Simmonds’ dis- 
ease, acromegaly or Addisons disease 
show a decrease in metabolic rate. The 
metabolic rate is decreased in starva- 
tion, malnutrition, and lipoid nephrosis. 
During innanition the metabolic rate 
may be as low as 40%. Metabolic rate is 
decreased during shock, deliberately in- 
duced hypotension and deliberately in- 
duced hypothermia. Considerable stress 
is often placed upon the relationship of 
metabolic rate to the tolerance to anes- 
thetics, particularly the nonvolatile drugs. 
As a rule individuals whose metabolic 
rate is subnormal show decreased toler- 
ance to anesthetics while the reverse ap- 
pears to be true also in the case of in- 
creased metabolic rate. More is said of 
this later on. 

DETERMINATION OF 
METABOLIC RATE 

TECHpnquES 

Metabolic rate may be determined di- 
recthj by measuring the total heat output 
in a calorimeter or indirectly by meas- 
ured carbon dioxide excreted or oxygen 
consumed during a unit interval of time. 
Direct calorimetry is impractical and 
cumbereome for ordinary usage. The 
method, however, has been used to ob- 
tain basic fundamental and quantitative 
data from which metabolic rate may be 
computed indirectly from studies of o.xy- 
gen consumption and carbon dioxide out- 
put. Indirect studies are employed for 
cimical medicine and research. The ex- 
perimental error which is introduced is 
of little significance. Of the two indirect 
tecliniques the ox)’gen consumption 
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method is the simpler and more precise 
and yields the more reliable data. It is 
free from the vagaries inherent in the 
carbon dioxide method due to tendency 
to retain and store carbon dioxide, the 
buffering action with bicarbonales and 
loss by conversion to acid and excretion 
by the Iddney. 

Apparatus 

Various types of rebreathing devices 
(Sanborn, li'Ogh, and others) known as 
spirometers are employed to measure 
oxygen consumption. The devices em- 
ployed for the tests are basically the 
same as closed circle rebreathing inhalers 
used for administering volatile anesthet- 
ics. The patient rebreathes for ten min- 
utes from a closed circuit device which 
has been filled with a known volume of 
oxygen. After this time the volume of re- 
maining gas is measured and the differ- 
ence is used in the computation. The 
metabolic rate is then computed from 
tables prepared from data obtained by 
direct colorimetry, according to age, 
height, weight, and sex. 

METABOLISM AND ANESTHESU 

\iost of the data obtained over the 
years indicates that oxygen consumption 
is decreased during anesthesia. As a mat- 
ter of fact several of the theories of nar- 
cosis have been predicated on this fact 
(Chap. 27). Some workers have reported 
opposite results but the bulk of the data 
favors, as one would expect, a decrease. 
Brewster and his co-workers, for exam- 
ple, found an increase in oj^gen con- 
sumption in dogs during ether anesthe- 
sia. Possibly a release of epinephrine ac- 
counted for the increase in metabolism 
even though the animals were anesthe- 
tized. Orkin and his associates noted a 
shift in respiratory quotient during hy- 
pothermia but a decrease in O? consump- 


tion. There is little other available data 
on the shift of the respiratory quotient 
during anesthesia. It is conceivable that 
the oxygen consumption of one organ 
may increase while that of another may 
decrease during anesthesia and that the 
sum total may be greater or less during 
anesthesia than in the waking state. 
However, the bulk of the evidence is 
against this. The generalization that has 
been made that the overall oxygen con- 
sumption falls still holds. 

Oxygen consumption does increase 
during the inducb'on of general anesthe- 
sia with ether, particularly if there is 
much excitement and muscular activity. 
Once full surgical anesthesia is estab- 
lished and a steady stale achieved, the 
consumption falls to below the pre- 
anesthetic level. Oxygen consumption 
decreases during anesthesia with divinyl- 
oxide, chloroform, cyclopropane, thio- 
pental and curare alone and in combi- 
nation with anesthetic agents. McKes- 
son and Clement reported a reduction in 
metabolic rate during ether, nitrous 
oxide, and ethylene anesthesia. Basal 
narcosis %vith avertin is also accompa- 
nied by a reduction in oxygen consump- 
tion. Schuberth observed a drop in met- 
abolic rate in experimental animals (rab- 
bits) during spinal anesthesia. On the 
other hand, in man the metabolic rate 
was found to be variable. Possibly this 
results from psychic influences, since 
the subjects studied were given no pre- 
anesthetic sedation. A decrease in oxy- 
gen consumption would be expected as 
a result of decreased muscle activity. 
Oxygen consumption is decreased dur- 
ing hypothermia. The decrease in oxy- 
gen consumption is due to a decreased 
utilization by the cells and not due to a 
decrease in availability. The arterial 
oxygen content remains unchanged or 
is even increased during anesthesia with 
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most agents. The A.V. difference re- 
mains unchanged or narrowed wth 
most agents. During cyclopropane an- 
esthesia, for example, the venous blood 
oxygen content is increased and the 
blood is arterialized. Although this sug- 
gests that cells use less axygen, such 
data can be misleading because it does 
not take into account the rate of blood 
flow through the tissues. More is said of 
tissue utilization of oxygen later in the 
chapter. 

PREMEDICATION AND 
METABOLIC RATE 
Guedel stressed the importance of the 
lowering of metabolic rate by premedi- 
cating agents, particularly the narcotics, 
in facilitating induction of inhalational 
anesthesia. The decrease in oxygen 
consumption has been considered to be 
helpful when impotent drugs such as 
nitrous oxide are used. These drugs are 
used at partial pressures which normally 
cause the o.^gen tension to be reduced 
below safe physiological levels. The use 
of the narcotic widens the margin of 
safety in regards to inhaled oxygen ten- 
sion. It is more than likely that the bene- 
fits, whatever they may be, are derived 
from the additive effect of the narcotic 
with the gaseous agent and not the de- 
crease in ojygen utilization. 

Most of the evidence available indi- 
cates that metabolic rate is lowered 
when narcotics are used for premedica- 
tion. Anderson, Stark, Waters, and oth- 
ers have reported a decrease in oi^gen 
consumption following the administra- 
tion of morphine in man. The decrease 
in oxygen consumption varies with the 
conditions of the experiment but ranges 
anj-xvhere from to 30%. Codeine 
causes a slight decrease in OJ^gen con- 
sumption. Evidence that other narcotics 
do likewise is also available. The com- 


bination of morphine and scopolamine, 
and morphine and atropine adminis- 
tered subcutaneously are also followed 
by a decrease in metabolic rate. Mor- 
phine may act as a stimulant and raise 
oxygen consumption, particularly after 
the initial depression subsides. 

The data concerning barbiturates are 
not striking and show discrepancies. 
These are apparently due to the dosage 
employed. Sedative and light hypnotic 
doses produce little or no change in oxy- 
gen consumption; heavy' doses produce 
the expected depression of metabolic ac- 
liv’ily. Doses which produce sleep or se- 
vere depression cause a decrease in met- 
abolic rale. Atropine (gr. 1/150) when 
used alone, with a hy’pnotic or narcotic 
causes slight increases in metabolic rate. 

BASAL OXYGEN REQUIREMENTS 
DURING ANESTHESIA 
O.’^'gen consumption during anesthe- 
sia varies from subject to subject. The 
usual metabolic requirement of an aver- 
age size male adult (70 kg.) during an- 
esthesia is approximately 250 ml. per 
minute. Patients having increased meta- 
bolic rates due to hyperthyTOidism, fever 
and so on require a more than usual 
metabolic flow of oxygen. 

CARBON DIOXIDE OUTPUT 
DURING ANESTHESIA 
Carbon dioxide excretion, as is the 
case with oxygen consumption, is de- 
creased during anesthesia. Most workers 
have assumed that the R.Q. is one and 
that, therefore, the output of carbon di- 
oxide used equals oxv'gen utilization. The 
writer and his associates, while seeking 
data for studies of carbon dioxide ab- 
sorption found, that the average output 
in adults during ether and cyclopropane 
anesthesia was 211 ml. per minute. The 
values ranged from 129 ml. to 425 ml. 
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The average for a group of non-anesthe- 
tized controls was 325 ml. The output 
was lower in females than in males and 
in patients in the older age groups it was 
less during ether than cyclopropane an- 
esthesia. No differences in output were 
noted between patients preraedicated 
with morphine and those premedicaled 
with meperidine. Tlie output during in- 
duction was variable. During mainte- 
nance, after a steady state is achieved, 
there is surprisingly little moment to 
moment variation in output. The aver- 
age concentration of the total expired 
mass ranges between 4-5^5 in the anes- 
thetized patients, and the minute vol- 
ume averages 45 liters during spon- 
taneous breathing. The total carbon di- 
oxide excreted, nonetheless, is decreased. 
The higher exhaled concentration in the 
face of a decreased minute volume ex- 
change merely indicates stagnation and 
incomplete elimination. All of this points 
to decreased production which is what 
one would expect in the face of de- 
creased oxygen consumption. Nonethe- 
less the possibility that carbon dioxide 
may be stored must also be entertained. 
Evidence of storage of carbon dioxide in 
bones and other structures has been pre- 
sented by J?a?in. Tlie stored carbon di- 
oxide is not immediately available for 
gaseous exchange. However, it is not 
unreasonable to suppose that this is not 
the case during anesthesia because a 
steady state develops, shortly after in- 
duction, which is unvarying. 

BODY TEMPERATURE AND 
METABOLISM 

Loss OF Body Heat 

Central nervous system depressants 
inactivate the heat regulating center and 
render the subject poibilothermic. Tlie 


body temperature tlien tends to ap- 
proach that of the environment. Heat is 
lost if there is a notable disparity be- 
tween environmental temperature and 
body temperature. Tlie temperature 
thus becomes subnormal. Heat is re- 
tained, if the disparity is not great, and 
it may be added if the environmental 
temperature is above body temperature. 
Heat is dissipated from the body by one 
or a combination of one or more of four 
physical processes— radiation, conduc- 
tion, convection and by the evaporation 
of water from the body surface. During 
anesthesia a number of factors tend to 
combine to cause a fall in body tempera- 
ture. (1) The heat output is decreased 
due to decreased metabolism. (2) Vaso- 
dilation occurs which increases the skin 
temperature and (3) external environ- 
ment below body temperature. Tliere 
are also factors which tend to add heat 
or favor its retention. Among these are 
anhidrotlc drugs (atropine) which re- 
duces evaporation, fever, and factors 
which add heat to the external environ- 
ment such as operating room lights, hot 
packs, warmth from the bodies of oper- 
ating room personnel and so on. Ther- 
mal equilibrium occurs when the sum 
of the cahries resulting in heat gain or 
retention balance the sum of those re- 
sulting from heat loss. The fact that the 
environmental temperature is less than 
body temperature is not necessarily an 
indication that heat is not being re- 
tained and that hyperthermia may not 
occur. 

Radiation 

Heat loss by radiation accounts for 
only a small portion of the total lost b}’ 
an anesthetized patient. The amount 
radiated depends upon the body surface 
exposed to the environment and the dif- 
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ference in temperature of environmen- 
tal objects and gases and that of the 
body. Radiation is most effective when 
there is a great disparity between the 
body temperature and the environment 
and ceases when the environmental 
temperature reaches 33®C. 

Convection 

The loss of heat by convection like- 
wise is not of any great significance since 
this is the heat lost to the environmental 
air. Gases have low specific heats and, 
therefore, absorb only small quantities 
of heat. For this reason large volumes 
are necessary for cooling or wanning. 
Covering the body with drapes impedes 
heat loss through this avenue. Dissipa- 
tion may be accelerated by forced con- 
vection, by means of air blowers. The 
heat loss is proportional to tlie square 
root of the air velocity. 

Evaporation 

Above 94*^. the greater portion of 
the body heat is lost by evaporation. At 
environmental temperatures of 75°F. or 
less evaporation plays a lesser role. The 
water for evaporation is derived from 
two sources, (1) by sweating and (2) by 
transudation. The amount which tran- 
sudes is less than 10% of the total. Most 
of it is produced by sweating. However, 
when the sweating mechanism is inac- 
tive, as it frequently is during anesthe- 
sia, the water which transudes assumes 
a more important role. The most signifi- 
cant factor in evaporation of the water 
from the skin is the difference between 
the vapor pressure of the moisture on 
the skin to that of the surrounding air. 
The best guide in determining this is 
the wet-bulb reading. Relative humidity 
values may be misleading since the rela- 
tive humidities may be the same at two 


different dry bulb temperatures but the 
absolute moisture contents per unit vol- 
ume of air vary considerably. Air at 
40®F. having a 50% relative humidity 
holds less total moisture which exerts 
less vapor pressure than air at 80°F. 
which has a 50% relative humidity be- 
cause it exerts less vapor pressure. Evap- 
oration of water from the lungs normally 
dissipates approximately 10% of the ex- 
pendable heat. Tlie amount lost by warm- 
ing the inspired air varies between 1 and 
2%. This avenue of escape is of interest 
since loss may be hindered by the use of 
closed system inhalers. The amount of 
moisture lost by exlialation is less with 
closed systems than with open. More 
moisture is lost by using nonbreathing 
techniques supplying dry gas on demand 
than with rebreathing techniques. Heat 
is lost in open chest operations from con- 
vection and evaporation from the large 
moist surface which is presented to the 
room air. 

Dissipation During Anesthesia 
Orkin and Rovenstine studied the ef- 
fects of anesthesia systems upon the 
dissipation of body heat in anesthetized 
surgical patients. They noted that the 
tendency towards elevation in body 
temperature was uncommon when the 
wet bulb temperatures were below 
75°F. Above this temperature body 
temperature rose regardless of the anes- 
tlietic drug and type anesthesia system 
used. The to and fro system tends to 
add heat since the inspired air tempera- 
ture ranges from 100-104°F. Inspired 
air temperatures in the circle systems 
are considerably less and more variable. 
They average between 88-92°F. The 
heat loss is less, but not startling in us- 
ing the semi-closed non-rebreathing 
type of inhaler. Theoretically heat loss 
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should be higher using semi-dosed in- 
halers but this does not appear to be so. 
As long as the environmental wet-bulb 
temperature remains below 75®F. little 
change in body temperature occurs us- 
ing the circle system or high flow rates 
in non-rebreathing, semi-closed inhalers. 
Mechanical ventilators increase, to a de- 
gree, the loss of heat through the lung 
because greater volumes of gas are 
moved in and out of the lungs than are 
moved during spontaneous ventilation, 
Tlic significant point to all this discus- 
sion is the fact that hyperthermia can 
occur even though environmental tem- 
perature is less than body temperature. 

Since exposure of the anesthetized pa- 
tient to temperatures above or below 
those of the body gives rise to hypo- or 
hyperthermia, some thought must be 
given to possible ill-eifects which might 
ensue from sucli deviations. The effect 
upon various chemical and physical 
processes in the body may be quite pro- 
found, The effects on the viscosity of col- 
loids, solubility of gases, electrolytes and 
metabolites and en 2 }’matic activity may 
be detcrimental if gross deviations in 
body temperature occur. Some of these 
effects are discussed later on. 

Ttie thinJang concerning hypoffierniia 
has been reversed in recent years. Hypo- 
thermia is deliberately induced now 
where heretofore measures were taken 
to avoid it. More rvill be said about hy- 
pothermia later. Hyperthermia appears 
to be a more dangerous situation, par- 
ticularly if tlie critical level of body 
temperature is exceeded. Once the rise 
in temperature is initiated the rise 
may proceed quickly to uncontrollable 
heights. An anesthetized patient in a 
hot, non-airconditioned operating room 
may develop a body temperature which 
may at times exceed that of the environ- 


ment, Temperatures above 106°F. are 
critical and may lead to coagulation of 
cell protein and irrepairable damage of 
tissues. Tlie cells of the nervous system 
are particularly susceptible. The subject 
retains the heat liberated, since the 
sweating mechanism is inactive and the 
temperature gradually climbs. 

HYPOTHERMIA 

Recently deliberate reduction of body 
temperature by exposure of anesthe- 
tized patients to near freezing tempera- 
tures has become a popular technique 
for decreasing metabolic activity of tis- 
sues. Such general body cooling is re- 
ferred to as total body liypotliermia. 
Other teclmigues associated with body 
cooling have also been introduced, most 
important of which are local hypother- 
mia (or hypothermic anesthesia) and 
artificial hibernation. Total hypothennia 
is induced primarily to reduce metabolic 
activity in order that organs may be de- 
prived of blood supply, without risk of 
death of tissues, for variable periods of 
time. Local hypothermia is designed to 
protect one area of the body from is- 
chemia. Total hypothermia is discussed 
in detail further on. 

HYPOTHERAHC ANESTHESU 

Hypothennic anestliesia is used to ob- 
tain pain relief by reducing the activity 
of nerve tissue. Nerve conduction ceases 
behveen 25° and 30°C. The sensation of 
cold is mediated by the end bulb of 
Krause while warmth is mediated by 
the end organs of Ruffini. Surface anes- 
thesia may be induced by the applica- 
tion of cold to the skin by the use of ice, 
or by the evaporation of ethyl chloride, 
freon or other highly volatile liquids. 
The evaporation of such liquids often 
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produces temperatures fer faeJow 0®C. 
The skin freezes when the temperature 
falls below — 3°C. Low temperatures 
produced by such evaporation may, 
therefore, result in frostbite. The cooling 
which occurs following superficial appli- 
cation of this sort is primarily in the 
skin because the tissues, since they are 
mostly water, conduct heat slowly and 
sufficient time rarely is permitted to 
elapse to sufficiently cool deeper struc- 
tures. \Vlien deeper structures are to be 
cooled the limb is surrounded by ice for 
several hours. The anesthesia obtained 
is short lived— not longer than 30 min- 
utes with this technique. 

HIBERNATION 

Hibernation may be true or “artifi- 
cial.” True hibernation can only be ac- 
complished by animals endowed with 
the ability to decrease their tempera- 
tures. The heat regulatory center is in- 
activated and heat production is de- 
creased. The body temperature falls to 
near freezing. The primary difiFerence 
behveen hibernating mammals and non- 
hibemating lies in the ability to reverse 
the process quickly and warm the body 
by activating heat production and the 
temperature control center. Non-hiber- 
nating animals cannot voluntartf re- 
warm when cooled. Artificial hiberna- 
tion refers to the depression of the heat 
regulatory center induced by central 
nervous system depressants, such as 
chlorpromazine, the hypnotics and nar- 
cotics, which is then followed by spon- 
taneous cooling. Unless environmental 
conditions are suitable so that heat is 
lost, the body temperature does not fall. 
Loss of heat is a physical process. No 
drug is available which accelerates heal 
conduction from the interior to the exte- 
rior of the body. Reliance for such de- 


pression in temperature must be solely 
upon rate of conduction and the gradi- 
ent between the environmental tem- 
perature and body temperature. Placing 
the body in a warm environment after 
depression of the heat regulatory mech- 
anism may result in retention of heat 
and elevation of body temperature. This 
has been discussed in the foregoing 
paragraphs. 

A good deal of nonsense has been 
written about cooling the body by the 
use of drugs, The phenothiazines have 
been advocated for the purpose. No 
drug is capable of causing the rapid dis- 
semination of heat from the body unless 
a cold external environment has been 
provided. The phenothiazines merely 
suppress the heat regulatory center and 
decrease activity. Heat is slowly lost to 
the environment by conduction, convec- 
tion or radiation. The temperature falls 
only a few degrees when these drugs are 
used and does so slowly. The process of 
heat transfer is a physical one and not a 
pharmacological one. 

TOTAL BODY HYPOTHERMIA 
Methods of Induction 

Total body hypothermia is induced 
by a i-ariety of techniques all of which 
absorb heat from the tissues in one way 
or another. Generally, the heat trans- 
ferral is accomplished by conduction. 
The body may be immersed in water at 
0“C., or is placed in contact with ice 
packs. The transfer of heat by this 
method occurs slowly and is not uni- 
form due to the fact that tissues are 
mostly \vater and water is, relatively 
speaking, a poor conductor of heal. The 
heat transfer at 0°C. through a distance 
of 1 cm. in one minute is 0.00139 calo- 
ries per sq. cm, area. A metal, for ex- 
ample, copper, has a transferral of 
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nearly 1 calorie under similar condi- 
tions. Cooling is attempted by blowing 
cold air against the body. The conduc- 
tivity of air is far less than that of water, 
0.000058 calories for eacli cm. distance 
per sq. cm. area per minute. Thus, con- 
vection which is sometimes utilized for 
coaling is a slower method yet. Air 
cooled to temperatures below the freez- 
ing point of water may cause frostbite 
because the outer layers of skin become 
supercooled due to the slow rate of con- 
duction of heat from the interior to the 
periphery. Heat transfer in tissues is also 
retarded by the compartmentalization 
of water in the cell. This prevents mix- 
ing and diffusion so that conduction 
must be from cell to cell which delays 
the process still more. Cold also causes 
vasoconstriction which further retards 
lieat loss from the skin. 

The direct application of ice to the 
skin may cause frostbite if the ice is 
supercooled, as it frequently is, when 
removed from refrigerating units. This 
catastrophe may be avoided by immers- 
ing the subject in water mixed with ice 
and avoiding direct contact of the body 
with supercooled ice. An intervening 
film of water comes between the ice and 
the skin at all times. 

Rapidity of Cooling 

It is customary when using surface 
cooling to reduce the temperature to 
602 of the desired level. Tlie tempera- 
ture continues to drift for an hour or 
more after the coolant has been removed 
due to the interchange of heat betu'een 
the superficial and deep tissues. More 
rapid cooling may be achieved by em- 
ploying a cardiopulmonary b)'pass (arti- 
ficial heart) and forcing the blood 
through coils surrounded by coolants. 
Total body cooling to lO^C. may be ac- 


complished within 10 minutes using this 
technique. 

Other methods of cooling consist of 
perfusion of pleural, peritoneal or intra- 
gastrlc surfaces with cold water. Tliese 
are cumbersome and seldom used ex- 
cept for specialized indications. 

Reversal of the IlYPOxiiEnMic State 

As is the case with cooling, rewarm- 
ing is a slow process. Tliis again is due 
to poor conduction. The surface envi- 
ronment cannot be elevated beyond 
106®F. otherwise the outermost tissues 
will be burned. Virtue and Swan sug- 
gest rapid rewarming by using di- 
athermy intermittently. The electromag- 
netic waves penetrate into the tissues 
and are converted into thermal energy 
deep to the skin and over a wide area 
and in a greater bulk. Rapid rewatming 
may also be accomplished by warming 
the blood and perfusing the tissues by 
cardiopulmonary bypass. 

Metabolic Rate Duiunc 
Hypothermia 

The object of hypothermia is to lower 
the metabolic rate of cell groups so tliat 
tliey may withstand ischemia or oxygen 
deprivation for longer than a few min- 
utes. Numerous physical, chemical and 
biochemical alterations occur during the 
period of hypothermia. The heat out- 
put falls from the near normal value of 
40 cal. per sq. meter of body surface per 
hour noted at 37° to 10 calories at 28°C. 
and 6 calories at 22°C. Normothermic 
subjects remo\’e approximately 4% of the 
oxygen from the air tliey inspire. Hypo- 
thermic persons remove less than 22. 
Tliere is a corresponding decrease in 
carbon dioxide output. The R.Q. is 
shifted. The solubility of gases in blood 
and body tissues is increased. More oxy- 
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gen, nitrogen, carbon dioxide and anes- 
thetic gas dissolve in blood at a given 
partial pressure. The oxygen dissocia- 
tion curve is shifted to the left. How- 
ever, oxygen is still supplied to the tis- 
sues as adequately as it is at normal 
temperatures. The speed of many chemi- 
cal reactions is decreased. Enzymatic 
activity is decreased since many are op- 
erating below their optimum tempera- 
ture. This is manifested by alterations in 
the clotting mechanisms, detoxification 
mechanisms, oxidative reactions and so 
on. 

Liver Function 

The liver functions are sluggish. The 
oxygen consumption of the liver is 40% 
of normal. The excretion of bromsulph- 
thalein is delayed. Bile formation is de- 
creased. The glycogen content of the 
liver is reduced. These changes are all 
reversible however. 

Renal Function 

The renal function appears to remain 
normal and is decreased only if the 
blood pressure is decreased. The chief 
disruption, if any, appears to be in the 
function of the distal tubule. The anti- 
diuretic hormone does not infiuence 
renal tubule reabsorption as it does at 
normal body temperature. Creatine and 
ammonia production are reduced. 

Endocrines 

The response of tlie adrenal to stress 
is impaired. The output of ACTH, 17 
hydroxy keto steroids and otlier cortico- 
steroids is suppressed. The output of 
epinephrine also is reduced. 

Nerit Function 

Nerve conduction is decreased in all 
fibres. The A fibres are blocked before 


the B and C—a situation opposite to 
chemical blockade. Sensation of touch is 
lost before pain. The action is potential in 
peripheral nerves is decreased, the dura- 
tion of the spike is prolonged and tlie 
refractory period is decreased in a linear 
fashion with the decline in temperature. 
The autonomic nervous system remains 
active, since it is highly resistant to cold. 

BODY TEMPERATURE AND 
DRUG ACTION 

In I’itro temperature has pronounced 
influence upon the rale of a chemical 
reaction. A chemical reaction in equi- 
librium according to the principle of 
Le Chafelier tends to shift in the direc- 
tion which absorbs heat should additional 
heal be supplied to the system. It will, 
therefore, proceed with renewed activity 
in that direction until equilibrium is re- 
established. On the other hand the shift 
in equilibrium will be to the side which 
evolves heat if heat is removed. There 
is ample evidence that this principle ap- 
plies to chemical equilibrium in vivo 
also. Therefore, hypothermia may inhibit 
and hyperthermia accelerate certain bio- 
chemical reactions. Increases in body 
temperature tend to accelerate destruc- 
tion of a drug and enhance its activity 
and toxicity while reduced temperatures 
do the reverse. However, this rule is not 
always applicable because other factors 
besides temperature and biochemical 
reactivity enter into the picture. Analy- 
zing the mutual effects of drug action 
and body temperature is not as simple 
as it seems. A distinction must be made 
between body temperature and environ- 
mental temperature. Extreme changes 
in temperature, for example, may de- 
crease the rate of absorption if a drug 
is given by other than the intravenous 
route. Cold causes vasoconstriction 
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Nvliich may often retard absorption. Tlie 
delayed or decreased effect which re- 
sults is not due to inhibition of the ac- 
tivity of tlie drug but to tlie restricted 
quantity available to the receptors. 
Elevation of temperature may accelerate 
absorption so that an enhanced response 
obtained would be the result of dose 
rather than alteration in reactivity. 

Effects of Cooltnc 

One would expect that cooling would 
inhibit activity of all drugs. This is not 
the case, however. Herman, for example, 
noted that the toxicity of pentobarbital, 
morphine and paraldehyde was in- 
creased over that at room temperature 
when rats were placed in an environ- 
ment of 3®C. Gunther and Odoriz found 
the to,xicity of caffeine was increased 
in frogs at lowered temperatures. Brown 
and Cotton noted that duabain c.xerted 
less pressor effect in a heart-lung prepara- 
tion at reduced temperatures and that 
the onset and duration of tlie effects 
were increased by hypothermia. Virtue 
has reported that vinyl ether adminis- 
tered to dogs during hypothermi.i causes 
liver necrosis in the post anesthetic 
period. The effects of tubocurarine are 
decreased during hypothermia due to 
a decrease in transport to the receptors 
resulting from vasoconstriction. On the 
other hand succinyl choline manifests 
increased duration of action due to a de- 
crease in activity of the esterases by the 
reduction in temperature. These phe- 
nomena are reversed by rewarming. 
This data all indicates increased toxicity 
of a drug when temperatures are re- 
duced. 

Effects of Wabminc 

On the other hand procaine is more 


toxic to mice made hyperthermic. Vaso- 
pressor amines such as ephedrine, pto- 
padrine and amphetamine manifest in- 
creased toxicity during liypothermia 
while the effects of Tuamine, Vonedrine 
and Privine are not significantly changed. 
The onset of action of most local anes- 
thetics is decreased by warming. Mice 
show decreased sensitivity to hexobarbi- 
lal and increased sensitivity to pheno- 
barbital during liyperthermia. The 
former accumulates in the fat depots; 
the latter is distributed more uniformly 
throughout the body. Tills may account 
for tlie difference. It is apparent from 
the foregoing data that changes in tem- 
per.atuTe cause some sort of changes in 
reactivity and toxicity of drugs. No gen- 
eralization can be made as to whether 
the response is one of augmentation or 
inhibition. What will happen cannot be 
predicted but can only be determined 
experimentally for each individual drug 
under a given set of fixed experimental 
conditions. 

^^ETAB0L1S^1 OF NERVOUS TISSUE 
The metabolism of the organism as 
a wliole is the sum total of the activify 
of each organ. It is well recognized that 
each organ is in a different state of ac- 
tivity depending upon the demands 
placed upon it by the rest of the body. 
It is also well recognized that the state 
of activity of each organ is not altered 
in a uniform manner. Little data is avail- 
able on tlie effect of individual anes- 
thetics on individual organs. Tlie various 
components of the nervous system have 
received more attention than other or- 
gans. This is due to tlie fact tliat anes- 
thetics have a special predilection for 
this system and that it withstands the 
effects of deprivation of oxygen and nu- 
trients less than other tissues. 
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Nen'e 

The metabolism of peripheral nerves 
differs from that of brain. Tashiro dem- 
onstrated an increased carbon dioxide 
output from active nerve; Fenn called 
attention to an increased oxygen con- 
sumption; and Hill to an increased heat 
production. Tlie heat, as is the case in 
active muscle, is produced in two stages. 
This suggests that nerve relies almost 
entirely upon carbohydrate for energy. 
Nerves contain glycogen and rely upon 
glycogenolysis for energy. A nerve ex- 
cited in an anaerobic medium accumu- 
lates lactic and pyruvic acids but can 
conduct and recover in this medium 
without oxygen for a time before fatigue 
occurs. Nerve can, therefore, build up 
an oxygen debt, Hexoses, through the 
intermediary action of phosphocreatinine 
are the source of energy in active nerves. 
The metabolism is similar to lliat of 
muscle since lactic and pyruvic acids 
accumulate under anaerobic conditions. 
The initial heat is rapidly released and 
represents energy involved in the propa- 
gation of the impulse. The delayed heat 
output occurs during recovery which 
may occur 45 minutes later. The nerve 
may conduct under anaerobic conditions. 
The end products disappear slowly. The 
R.Q. of a resting nerve is approximately 
0.8; that of an active nerve 0.9. 

Brain 

Brain contains some glycogen but 
utilizes the glucose circulating in blood 
for most of its energy. The R.Q. of brain 
is nearly 1.0. The oxygen consumption 
of brain varies with the part of brain 
studied. The cerebellar cortex consumes 
the greatest amount of oxygen; the cere- 
bral cortex next. The central nervous 
system has a high metabolic rate and 


utilizes almost 10% of the total o.xygen 
consumption of the body as a whole. 
Afental activity changes the oxygen con- 
sumption only sli^tly. The normal aver- 
age oj^gen consumption of brain is 3.3 
ml. per 100 grams of brain. Approximate 
computations reveal that the oxygen dis- 
solved in the brain is approximately 5 
ml. per 100 grams, while not more than 
2 ml. are dissolved in the brain itself. 
The normal rate of oxygen utilization 
is 46 ml. per minute. This total of 7 ml., 
therefore, ^vould last less than 10 sec- 
onds if the supply were disrupted. In 
other words, the brain is unable to re- 
tain a reserve of oxygen. Tlie situation 
is slightly different in regards to dex- 
trose. As much as 2 grams of glucose or 
glycogen is available in normal brain. 
Tltese stores render hypoglycemia a less 
acute problem than acute anoxia. 

Effects of Drugs 

Cerebral metabolism may be de- 
creased by depressant agents. These may 
be endogenous such as are found in 
acidosis (H*, ketone bodies, fixed acids 
of uremia) or they may be exogenous as 
in the case of anesthetics. During nar- 
cosis with thiopental or ether cerebral 
oxygen consumption may be decreased 
as much as 40%. This occurs on the face 
of an adequate cerebral blood flow. Evi- 
dence has recently been introduced 
which indicates that the drugs do not act 
primarily on the neurons but interrupt 
synaptic transmission. Thus with synap- 
tic transmission intact the neurons are 
in a state of greater than normal (tonic) 
activity. The depression in cerebral oxy- 
gen consumption is due to the decreased 
activity of neurons resulting from the 
release from tonic activity by the synap- 
tic blockade. 
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OxYCEN Consumption or Bhain 

Metabolism of brain in vivo is deter- 
mined by measuring the A-V difference 
and the cerebral blood flow. Tlie cere- 
bral blood flow in man is measured by 
determining the uptake of nitrous oxide 
by the brain. Computations are made by 
using the Fick principle. Both the A-V 
difference and oxygen consumption arc 
essential data in such a study. 0,vygen 
consumption varies from one part of the 
brain to another. TJie white matter, 
which is similar to peripheral nerve, 
utilizes approximately the same amount 
of o.xygen as peripheral nerve tissue. 
Grey matter, however, utilizes by far 
the greater portion of the total oxy’gen 
supplied to tlie brain. The blood leaving 
the brain through the juglar vein is about 
60x saturated. Tliis is less than that 
leaving most tissues and organs. 

Respfrof ion of the bmin in vitro is de- 
termined in microspirometers by die 
methods of Warburg or Barcroft (Chap. 
27). In vitro studies of brain tissues sup- 
ply basic information of biochemistry of 
the brain, since it is only by such a study 
that the numerous variable factors which 
would enter into an in vivo study are 
eliminated. The brain probably utilizes 
only carbohydrate (glucose) in vitro. The 
bulk of the evidence obtained from in 
vitro cerebral studies (microspirometer 
studies) indicates that all depressants 
cause a decrease in oxygen consumption. 
Quastel and Wheatly observed a reduc- 
tion in oxygen consumption and me- 
tabolite utilization by brain in vitro with 
most depressant agents. This depression 
roughly paralleled their anesthetic or 
hy'pnotic potency. However, one must 
bear in mind that the concentrations of 
drugs used were greater than those 
which clinically produce anesthesia and 


that the changes observed may beai 
little resemblance to those occurring in 
intact human tissues. 

LOCAL TISSUE OXYGEN 
CONCENTRATION 

Methods or DETEnMiNATio.v 
Localized tissue o.xygen concentra- 
tions have been studied by measuring 
changes in oxidation reduction potentials 
by means of the polarograph. This de- 
vice measures the oxygen present at a 
given locus by means of a polarized 
electrode introduced into tlie tissues. Tlie 
oxidation reduction potential is an index 
of the amount of oxygen present at the 
site of the electrode. It is not necessarily 
a measure of the uptake of ox)'gon by 
the cell. Other less satisfactory lecl> 
tuques are available. They are more 
tedious techniques and give less accurate 
results Tliey involve microanalysis of 
gases in a bubble, as a rule. 

POLAltOCnATiri’ 

The basic principle underlying polar- 
ography is as follows: An anode and a 
cathode are placed in a conductive 
aqueous medium containing two sub- 
stances, one of which can be o.xidized 
and one which can be reduced. A con- 
stant voltage flows through the solution. 
Tlie rate of reduction of the reducible 
substance is directly proportional to the 
amount of current passing between the 
electrodes. Tlie rate of reduction is in 
turn dependent upon the concentration 
of tlie reducible substance. TIius, a 
measure of the current is in essence a 
measure of the concentration of the re- 
ducible substance in solution. Oxygen 
is a reducible substance. When oxj'gen 
is dissolved in the solution, it takes on 
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two additional electrons which with 
water form hydrogen peroxide and t\vo 
hydroxyl ions {2HaO + O 2 + 2E->Hs02 
4-20H'). Tlie voltage necessary to ac- 
complish this is 0.3 to 0.8 volts. The cur- 
rent flow, therefore, would be propor- 
tional to the concentration of oxygen in 
the proximity of the electrodes. The 
amount of current which flows is de- 
tected by a galvanometer and an ampli- 
fier which operates a direct writing oscil- 
lograph or other suitable recording de* 
vice. 

Polarographic methods have been in 
use for some time but the first true 
polarographic instrument was developed 
by Heydrosky and Shikata in 1925. This 
employed the dropping mercury' elec- 
trode. This type of instrument is no 
longer used but modifications based 
upon the principle outlined above have 
been introduced and are in use. In 1953 
Clark described a modification of the 
mercury electrode. In 1951 Glastone and 
Reynolds observed that a platinum wire 
could be substituted for the mercury 
cathode. Attempts to use this type of 
electrode in tissues were unsatisfactory 
because the electrode was in an environ- 
ment of varying composition and sub- 
ject to the changes in pH, temperature 
and so on which markedly influenced 
results. In 1953 Clark modified the elec- 
trode by enclosing a platinum cathode 
and a silver anode in various types of 
membranous sheaths which were imper- 
vious to liquids but which permitted the 
diffusion of gases. The sheath is filled 
with a solution of an electrolyte whidi 
provides an environment of constant and 
unvarying composition for the elec- 
trodes. By use of this arrangement, it 
is possible to insulate the electrodes 
from the solutions of the body but still 


permit the diffusion of gases into the 
protective solution of electrolyte en- 
veloping the anode and cathode. Tlie 
Clark electrode has been used for ana- 
lyzing oxygen tension in various tissues. 
Its usefulness, however, is limited for 
physiological studies because of its large 
size. In 1958 Liston constructed a minia- 
ture electrode similar in principle to the 
Clark electrode, equivalent in size to a 
20 gauge needle, which may be intro- 
duced into living tissues. The platinum 
cathode and the silver anode are in- 
sulated from each other and placed in 
a stainless steel sheath which serves as 
a needle. Tlie tip of the needle is covered 
with a membrane, underneath which Is 
a layer of 2% potassium chloride, which 
is in contact with the end of the plati- 
num and silver poles. 

UTILIZATION OF OXVGEN 
BY THE CELL 

The cell is primarily concerned with 
using the oxygen which is present in 
the surrounding extracellular fluid. As 
a rule the quantity of oxygen present in 
fluids or gases, which is not combined 
with hemoglobin or other oxygen com- 
bining substances, is expressed in terms 
of tension. The cells are dependent not 
only upon (1) the tension of oxygen in 
the surrounding medium but also (2) 
upon the blood flow, A constant uptake 
at a constant flow rate produces no 
change in local tissue tension. The ten- 
sion falls when utilization of oxygen 
increases and rises when it decreases. 
Decreased oxygen consumption and in- 
creased use of metabolites, and increased 
excretion of waste products, particularly 
carbon dioxide, has a vasodilator effect, 
■Jlie local utilization of oxygen then 
tends to regulate the blood flow througli 
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most tissues. The circulation through 
the lungs and other organs is guided by 
the metabolic needs for oxygen. The 
vessels of the skin are exceptions. Polar- 
ographic studies show that profound 
changes in oxygen tension in tissues may 
occur rapidly. In vasodilated skin the 
oxygen tension is close to that of arterial 
blood. The oxygen tensions of skin fol- 
low those of arterial blood closely. A 
tension of four or five times that found 
when air is breathed is found when pure 
oxygen is inhaled. The tensions in tis- 
sues which use greater amounts of oxy- 
gen than the skin are not as close to 
those of skin nor do they parallel each 
other. Tlie transfer of oxygen from the 
capillaries to the tissues is rapid but not 
rapid enough to be considered instan- 
taneous. Data on tensions in heart, brain 
and muscle are scant. 

EFFECTS OF ANESTIESIA 
Green and his co-workers, using po- 
larographic methods, studied the skin 
o.’^gen tensions in patients undergoing 
operation with cyclopropane-ether and 
thiopental-nitrous oxide anesthesia. The 
tensions were decreased during etlier 
anesthesia but not with tlie other two 
agents. These studies, however, merely 
indicate the quantity of oxygen present. 
They neither indicate tlie tissue s ability 
to utilize oxygen nor the adequacy of 
the quantity of oxygen present In main- 
taining normal cellular function. Davis 
and co-workers noted tliat inhalation of 
pure oxygen causes sufficient v'asocon- 
striction to reduce cerebral tissue oxy- 
gen tensions in dogs in the presence of 
hypocapnia and during hypervenlfla- 
tion. 


TISSUE CARBON DIOXIDE 
TENSIONS 

Recently methods have been devel- 
oped for determination of carbon dioxide 
tensions in body fluids and tissues which 
obviate the objections and drawbacks 
of classical methods in use such as the 
Scliolander or tlie Van Slyke apparatus. 
One of these is the Astrup method using 
a microglass electrode. The only read- 
ings necessary in this technique are the 
pH of the solution or blood under study. 
Hie principle is as follows: The micro- 
sample of blood is drawn into a micro- 
glass electrode. Only 0.025 ml. of blood 
is needed to fill the electrode. The sam- 
ple is then equilibrated in tonometers 
with several samples of gas mixtures of 
known CO* tension and the pH is re- 
determined after equilibration with each 
gas sample. This data is then inter- 
polated on previously plotted nomo- 
grams and CO* tension and CO* content 
are determined. 

Base bicarbonate may be determined 
by adding lactic add to the blood and 
converting the bicarbonate to free CO*. 

Electrodes are available which can be 
placed in the tissues or in blood. A tela- 
fon membrane separates a bicarbonate 
aqueous film from tissue fluid or blood. 
Tliis membrane is permeable to CO- gas 
but not to ions wlrich change the pH of 
the water film. The active surface is ap- 
plied to tissue surfaces to measure tissue 
CO* directly. 

The average CO* tension in cerebral 
cortex is 55 mm. Hg witli arterial blood 
COs at 55 mm. Hg. Values for liver, stom- 
ach and mucosa varied from 55 to 75. 
Skin when warmed rose to levels over 
130 mm. Hg. 


CHAPTER 37 


Detoxification and Elimination of 
Anesthetic Drugs 


DETOXIFICATION 

M A>rY DRUGS including anesthetics 
may, like other chemical sub- 
stances, be subjected to biochemical 
mechanisms which are normally occur- 
ring in living tissues and be converted 
to new and, most of the time, physio- 
logically inert substances. The biochemi- 
cal conversion of a physiologically ac- 
tive chemical substance to one which is 
physiologically inert is termed detoxifi- 
cation, The terms hhsijnthesis and bio- 
Uansjormation are also used to indicate 
the conversion of drugs to new sub- 
stances by the cells. The idea that the 
body has a multitude of defense reac- 
tions to noxious substances and that all 
detoxification reactions result in com- 
pounds of less toxicity is incorrect. For- 
eign substances undergo cliemical trans- 
formation when they possess a structural 
group similar to a naturally occurring 
metabolite. They, thus, fit into an en- 
zyme system which handles the metabo- 
lite which they resemble. The resulting 
compound may, therefore, be more detri- 
mental than the original. The majority 
of detoxification reactions are concerned 
with organic compounds. 

The term detoxification is occasionally 
used by clinicians to indicate the re- 
ccrsaZ of flctioify of one drug by another, 
such as the reversal of the narcotic effect 


of a barbiturate by analeptics, such as 
picrotoxin or metrazol. In this case, the 
analeptic merely adds its effect to the 
cell and alters the narcotic action wtli- 
out necessarily influencing the chemical 
destruction of the barbiturate. The use 
of the term in this sense is incorrect. 
The term detoxification indicates bio- 
chemical alteration of a substance. It 
is not uncommon for biochemists to re- 
fer to the biocliemical disposition of a 
chemical foreign to the body by the term 
metabolic fate. 

MECHANISMS OF DETOXIFICATION 
A drug must be reactive in order to 
be detoxified. In order to be reactive, 
the drug must have a general configura- 
tion or specific group on the molecule 
which is susceptible to the various chem- 
ical processes which are occurring or 
can occur in the body. Inert molecules, 
such as those of cyclopropane, ethyl 
ether and halothane, undergo no change 
in the body. The subject of detoxifica- 
tion is complex. A variety of individual 
chemical reactions occur to which re- 
active substances may be subjected in 
the organism. For the sake of simplifica- 
tion these may be grouped into four 
general categories of tjpes of changes. 
These are oxidation, r^uclion, hydrol- 
ysis and conjugation. The drug 
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undergo a combination of several re- 
actions before its final disposition. Hie 
fate of many drugs remains unloiown. 
All the investigator may know about a 
particular compound is tliat it undergoes 
complete destruction within the organ- 
ism with no clue as to the method of 
disposition. At times, it is obvious that 
the molecule is disrupted, particularly in 
the case of cyclic, large molecules. Hie 
term degradation is often used to de- 
scribe this disruption of such molecules. 

OxroATlON 

Oxidation is the most important bio- 
chemical reaction occurring in the body 
since it is the source of energy required 
by the organism. It is not surprising, 
then, to find that certain drugs are con- 
sumed in this manner. Hie drug may be 
incompletely or only partly oxidized, 
but enough of a change is produced that 
it loses its chemical identity and physio- 
logical activity. It is not unusual for cer- 
tain drugs to be completely oxidized 
to water and carbon dioxide. Primary 
alcohols are oxidized. Ethyl alcohol, is 
oxidized with the subsequent formation 
of 7 calories of heat per gram, carbon 
dioxide and water. Secondary alcohols 
are less readily oxidized. Tertiary and 
halogen substituted alcohols are oxidized 
with difficulty or not at all. Other mecha- 
nisms of detoxification are required for 
their disposition. Oxidation of the alco- 
hol may proceed to the aldehyde stage 
and cease or go on to completion to the 
acid stage. Molecules with methyl groups 
are oxidized to carboxylic acids. Hie 
methyl group of the methyl butyl group 
on carbon 5 of thiopental is attacked by 
oxidation and converted to a carboxyl 
group. Aromatic hydrocarbons are slowly 
oxidized to aromatic alcohols (phenols): 


Reduction 

Substances not oxidized may under- 
go reduction. Reduction refers to the 
addition of hydrogen to a molecule. 
Therefore, it is the reverse of oxidation. 
Electrons are lost from the compound 
undergoing oxidation which are gained 
by the oxidizing agent. The o.xidizing 
agent is in turn reduced. Oxidation and 
reduction, therefore, occur hand in hand 
(Chap, 27). Chloral hydrate, an alde- 
hyde, adds two atoms of hydrogen and 
is thereby converted to trichlorelhanol, 
an alcohol. 


H 

R— C— n + 2H -» R— i— H 

in 

CCI.-0-1I + 2H OCliCHiOII 

I 


Hiis, in turn, is detoxified further by 
other mechanisms. 


Hydrolysis 

Substances not amenable to oxidation 
or reduction may be subjected to hydrol- 
ysis. Esters are usually detoxified by 
hydrolysis. Hydrolysis literally means to 
break up or loosen by means of water. 
The cleavage results in the formation of 
an alcohol and an acid. Most local an- 
esthetics are esters, some of which are 
easily hydrolyzed. Amides also undergo 
hydrolytic cleavage. Lidocaine, for ex- 
ample, is hydrolyzed to a certain extent 
in vivo. An amine and a carboxylic acid 
results in this tjqie cleavage. 
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R— O— N— R, + H,0 -»R- 


-NHs + RjOH 


Conjugation 

Compounds not susceptible to any of 
the three aforementioned mechanisms 
may undergo conjugation. Conjugation 
entails the addition of new side chains 
or groups to a molecule. A new com- 
pound forms which has altered physio- 
logical activity. Some foreign com- 
pounds are lipophilic. Conjugation con- 
verts these to hydrophilic substances 
which can be eliminated by the kidney. 
Usually an acid is used for conjugation. 
Quite often a strong acid such as sul- 
phuric is used. However, a variety of 
radicals derived from organic acids, par- 
ticularly amino acids, may be utilized. 
Acetic, aminoacetic (glycine), glutamic 
and glucuronic acid and cysteine, and 
Ornithine are the more prominent acids 
used by the cell in biotransformation. 
Esters and glucosides usually form. 
However, many other types of com- 
pounds may form also. Glycine usually 
conjugates with a carboxyl group on cy- 
clic structures, such as benzine, naph- 
thaline, furane, pyridine, thiophene and 
on carboxyl groups separated from the 
benzine ring by a carbon atom (phenyl 
acetic) or a vinyl group (cinnamic acid). 
Benzoic acid becomes linked to the 
amino group of glycine to form ben- 
zoylamino acetic (hippuric) acid and 
water. 

OOH 

-f- CH^COOK- 
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Acetic acid is frequently conjugated to 
aromatic amino acids. Sulphanilamide 
(para-amino benzine sulphonamide) is 
converted to acetylsulphanilamide by 
conjugation with acetic acid. Glutamine 
is used to detoxify phenylacetic acid. 
The conjugate which forms is pheny- 
lacetyl glutamine. The amino group is 
arranged in the same manner as that of 
benzoic acid in its combination with gly- 
cine. Cysteine is utilized in the detoxifi- 
cation of aromatic bromine derivatives of 
the type exemplified by brombenzine 
and hydrocarbons, such as naphthalene. 
Ornithine, an amino acid, is conjugated 
with benzoic acid by fowls. Sulphuric 
acid is conjugated to aromatic alcohols 
(phenols) to form esters known as cfhe- 
real sulphates. Indican or potassium in- 
doxyl sulphate forms when phenol is 
detoxified by conjugation with glucu- 
ronic acid. Epinephrine and other aro- 
matic amines similar to it are conjugated 
in this manner. 

Conjugation with glucuronic acid is 
an important mechanism of particular 
interest to the anesthetist since a num- 
ber of drugs he employs are detoxified 
in this manner. Chloral, tribromethanol 
and morphine are examples of con- 
jugates of glucuronic acid. Glucuronic 
acid consists of a six-carbon chain with 
an aldehyde group at one end and a 

O H 

II I 

CH:— coon -f H,0 
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carboxyl group at the other end with dine is ingested. This mechanism of 
one hydroxyl group on each of the detoxification is not common, liowever. 
intervening four carbons. Compounds Some texts consider acetylation and 
with hydroxyl groups (alcoholic and methylation as separate entities and di- 
phenolic) conjugate with glucuronic vorce them from conjugation mecha- 
acid. Sugars are exceptions. Compounds nisms. 

with carboxyl groups attached to an Substances used for conjugation are 
aromatic nucleus also conjugate with obtained from endogenous sources with- 
glucuronic acid. Two types of com* in the organism. Glycine is synthesized 
pounds may form with glucuronic acid— in the body. Glucuronic acid is pro- 
those with an ester linkage and those duced from the carbohydrate stores in 
which are glucosides. Acids may com* tissues, probably glycogen, Insulin may 
bine with the hydrox)’! group next to hasten the production of glucuronic acid 
the terminal aldehyde to form esters, but the ingestion of free glucuronic acid 
Benzoic acid, in dogs, combines to form does not accelerate conjugation of drugs 
glucttromjl monohenzoate. Alcohols may ordinarily inactivated by this mecha- 
join with the aldehyde group to form nism. Glucuronic acid is metabolized 
the glucoside type of linkage. The re- with difficulty and is even excreted into 
action with phenol results in the gliico* the urine in these circumstances. Sid- 
side type of compound which is lllus- phuric acid is derived from organic sub 
trated as follows: phur compounds in the body. When 



coon COOII 


Tlie haJogenated aliphatic alcohols, such overwlielming doses are taken, the body 
as tribrom and trichlorethanol and roor- may not be able to provide enough of 
phine are also conjugated by the gluco- the conjugate and the organism is de- 
side type of linkage (Chapter 15). The prived of its minimal requirements, 
trihalogenated aldeliydes, chloral and Therefore, symptoms of toxicity may 
bromal, are first reduced to alcohols arise from deficiency of such metab- 
which are then conjugated with glu* oliles. 
curonic acid. 

Methyl gwups may also be added as Dcciudation 
side chains to a cyclic structure. Methyl The mechanism of detoxification, te- 
pyridium hydroxide forms when pyxi* ferred to as degradation, is used to in- 
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dicate the transformation of compounds 
which occurs when the underlying 
chemical reaction is not understood and 
the end products are simple compounds, 
such as carbon dioxide, urea or water, 
and intermediate derivatives which can- 
not be identified. As more is learned 
about a compound said to undergo deg- 
radation it is generally found that it 
undergoes oxidation, reduction, hydroly- 
sis or conjugation. In certain cases side 
chains responsible for physiological ac- 
tivity are removed from the molecule to 
form inactive compounds. The molecule 
as a whole may be completely disrupted 
into a number of compounds of smaller 
molecular weight. Cyclic structures may 
be stripped of their side chains by this 
mechanism. Compounds containing 
methyl groups become divested of these 
by the process known as demethylation. 
Caffeine (trimethyl xanthine) may be 
partly demethylaled to di and mono- 
methyl xanthines. Barbiturates, partic- 
ularly the short-acting and the N-sub- 
stituted derivatives undergo gradation 
by demethylation. Evidence exists that 
the pyrimidine ring of the barbiturates 
opens and the molecule is converted 
into various substituted amides which 
appear in the urine (Chapter 19). 

CoXfBIXATION OF BeACTIONS 

Frequently detoxification is accom- 
plished in steps and a combination of 
mechanisms may be involved. Ethyl al- 
cohol, for instance, is completely oxi- 
dized when ingested in small amounts. 
When quantities in excess of 10-15 
grams per hour are ingested, the intake 
is greater than the quantity oxidized. 
Therefore, only a part is oxidized and 
the remainder is eliminated unchanged. 
An ester may first be hydrolyzed and 
the products of the cleavage then may 


be oxidized, reduced, conjugated or al- 
tered by some other mechanisms. Ace- 
tanalid, for instance, is hydrolyzed into 
acetic acid and aniline. The aniline is 
oxidized and eliminated as aminophenol. 
The acetic acid is oxidized to carbon di- 
oxide and water. Procaine is hydrolyzed 
to para-amino benzoic acid and diethyl 
amino ethanol. The para-araino benzoic 
acid is either methylated, conjugated 
with glycine or eliminated unchanged. 

SITE OF DETOXIFICATION 
The liver is the principal site of de- 
toxification and detoxifies most drugs. 
Detoxification by the hepatic cell is 
performed by enzymes contained in the 
mitochondria. Hepatectomy or injury to 
the liver by chemicals is followed by 
incomplete inactivation and increased 
toxicity of many physiologically active 
substances. Other tissues and organs play 
a minor part in detoxification. Some 
drugs notably those which are con- 
jugated with glycine are detoxified by 
the kidney. The plasma plays a role in 
detoxification since it contains enzymes 
such as hydrolases, oxidases and so on. 
Procaine, for example, is almost entirely 
detoxified (95%) in the liver in the dog; 
the remainder in the plasma. Chlor- 
procaine is hydrolyzed to a greater ex- 
tent by plasma (5 times) than procaine. 
Data on detoxification of drugs by 
plasma may be misleading because some 
drugs undergo binding with protein. 
This inactivates the drugs temporarily 
but does not cause their metabolic de- 
struction. Some drugs, as for example 
succinyl choline, are destroyed almost ex- 
clusively by the plasma. Only when 
large quantities are taken does the liver 
come into play. Spleen, muscle, brain, 
and spinal fluid play insignificant roles in 
detoxification. The chemical reactions of 
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detoxification are catalyzed by enzymes. 
Oxidases, peroxidases, esterases, deliy- 
drogenases and many other enzymes 
found in the liver and blood aid in the 
detoxification. Epinephrine is oxidized 
by an aminoxidase found in blood and 
otlier tissues and is quickly inactivated. 
Succinyl choline is hydrolyzed by tlic 
plasma pseudo-cholinesterasc. Certain of 
the enzymes present in blood, as for ex- 
ample cholinesterase, are elaborated by 
the liver. Tliey are, therefore, defieient 
in plasma when hepatic insufficiency is 
present. 

INFLUENCE OF CHEMICAL 
STRUCTURE 

Tlie manner in which side chains of a 
foreign molecule are attacked by the 
body, particularly side chains of aro- 
matic compounds, depends upon the 
position of the radicals. The coupling 
of tlie carboxyl group of an aromatic 
acid with glycine is inhibited by the 
presence of another radical in the ortho 
position of the benzine ring. The nature 
of the radical influences tlie method of 
conjugation. Conjugation of a hydro’ll 
group with glucuronic acid on an aroma- 
tic nucleus Is inhibited if a nilro or a 
halide group occupies the ortho position 
but is facilitated if this position is oc- 
cupied by an amino group. 

FORMATION OF TOXIC PRODUCTS 

It has been mentioned previously that 
a deliberate detoxification is not at- 
tempted by the organism but rather that 
foreign substances possessing reactive 
groups are merely processed in a rou- 
tine fashion by the naturally occurring 
biochemical mechanisms in tlie body. 
Tlie drugs are handled in the same man- 
ner as substances necessary and com- 
mon to body function. Tlie physiological 


inactivation is merely incidental and, 
under certain circumstances, a more toxic 
substance may form. Sulphanilamide, for 
instance, is converted into acetylsul- 
phanilamide, which is more toxic than 
sulphanilamide. Aminophenol, which 
forms from the oxidation of aniline, is 
more toxic than aniline. Trinitrotoluene 
is converted by the body into dinitro 
hydro.xyl amiiiotoluenes which are highly 
toxic. Other examples could be cited. 
The majority of detoxifications, however, 
yield products which are less toxic or 
physiologically inert. 

SPECIES VARIATIONS 
Studies of detoxification are difficult 
undertakings since many variable fac- 
tors interfere with consistent results. One 
obstacle encountered in such studies is 
that mechanisms of detoxification vary 
with the species. In man, benzoic acid 
is conjugated witli glycine to form hip* 
puric acid, but in the dog it is con- 
jugated ^\^th glucuronic acid to form an 
ester. Amylenc hydrate is eliminated un- 
changed in man, while rats conjugate it 
with glucuronic acid. 

EFFECT OF CONCENTRATION 
The concentration of a drug in tissues 
distinctly affects the rate and mode of 
elimination. Short acting barbiturates in 
therapeutic doses do not appear in the 
urine because they are destroyed almost 
completely in the body. Should over- 
whelming doses be ingested they then 
appear in the urine, however. In such 
cases perhaps, detoxification cannot be 
maintained at the necessary pace, the 
renal threshold is exceeded and the drug 
passes into the urine. Large doses of cer- 
tain drugs inhibit general metabolism so 
that the biochemical processes are re- 
duced below the normal level and de- 
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toxification is inhibited. Phenol in small 
amounts is rapidly detoxified. In lethal 
amounts the transformation is inhibited 
because it inhibits metabolism. 

VARIABLE FACTORS INFLUENCING 
DETOXIFICATION 

The routes employed and the rates of 
administration of drugs may influence 
their excretion and destruction since 
they cause variation in the concentra- 
tions in blood and tissues. Drugs given 
orally or rectally pass directly to the 
hver. Their rate of destruction may dif- 
fer from the rate of those given intra- 
venously. Succinyl choline is ineffective 
orally but effective intravenously. Other 
factors, such as tolerance to a drug, 
metabolic rate, state of nutrition of the 
organism, state of hydration, environ- 
mental temperature, body weight, body 
surface, sex, age, and body temperature 
may influence destruction and elimina- 
tion of a drug. The destruction and 
elimination of morphine is different, for 
example, in the addict and the non-ad- 
dict. 

METHODS OF STUDY OF 
DETOXIFICATION 

A number of methods are available for 
the study of the physiological inactiva- 
tion of drugs— the direct, or chemical 
method and the indirect, or pharmaco- 
logical method. 

Direct Method 

Tissues, body fluids, and other bio- 
logical preparations must be examined 
quantitatively by chemical methods for 
unchanged drugs or products of detoxifi- 
cation. Microchemical methods are often 
necessary when the quantities involved 
are minute. The concentration of drugs 
is reduced to almost an infinitesimal 


level in the case of non-volatile types, 
such as the alkaloids, which are adminis- 
tered in fractions of a milligram to sub- 
jects weighing many kilos. The detoxi- 
fied product is often difficult to isolate 
and identify. Frequently, experimenters 
have resorted to perfusion experiments to 
study chemical changes. Under these ex- 
perimental conditions complete recovery 
of the initial amounts of the drug is pos- 
sible. Systems of this sort in which drugs 
are added to excised tissue in vitro, even 
though the tissues are living, are artifi- 
cial, however, and one cannot unre- 
servedly apply findings to man. 

iNDiREcr Method 

Chemical methods for analysis of 
newer drugs are not available or prac- 
tical. Experimenters, therefore, must re- 
sort to the indirect or pharmacological 
methods for data. In these cases, the 
drug under investigation is injected into 
a selected experimental animal in doses 
of sufficient amount to produce the de- 
sired physiological effect. Following 
this, at given intervals, as the effect sub- 
sides, fractions of the original dose are 
re-injected in amounts sufficient to re- 
store the original level of pharmacologi- 
cal response. The object of such injec- 
tions is to replace that portion of the 
original dose which has been inactivated 
by the tissues in the stated time interval. 
The longer the time interval from the 
moment of original injection, the greater 
will be the replaced fraction. Eventu- 
ally, the original dose is required to re- 
produce the response. At this point com- 
plete desaturation will have occurred. 
Cuiv'es of the rate of inactivation of a 
drug may be plotted from successive ex- 
periments of this sort. Kohn-Richards, 
using the pharmacological method, has 
studied the destruction of barbiturates 
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and has derived mathematical formulae 
from his experimental data which may 
be used to calculate the rate of inactiva- 
tion of a drug. Tatum and others studied 
the inactivation of stimulating drugs, 
such as picrotoxin, metrazol, and cor- 
amine, by the indirect method, also. The 
biochemical mechanisms concerned in 
such inactivations are not known ex- 
actly, but the organ and tissue involved 
and tire rate of excretion of unchanged 
drugs may be determined. 

Some observers have studied the in- 
activation of drugs by incubating them 
in vitro with various excised tissues, such 
as plasma, liver, kidney, muscle, and 
spleen. The undestroyed fraction is ex- 
tracted and injected into animals to ob- 
tain the effect characteristic of the drug. 
Data from such studies, thougli useful, 
are not necessarily applicable to the in- 
tact animal or to man. 

FATE OF NONREACTIVE DRUGS 

Nonreaclive drugs, whether volatile or 
nonvolatile, are eliminated from the 
body unchanged. The elimination of non- 
reactive substances is of vital importance 
and interest to the clinician because the 
majority of the inhalation anesthetic 
drugs are nonreactive. Eliminaticm of 
these substances depends almost wholly 
upon volatility, diffusibilily, solubility, 
and other physicochemical factors. 

Nonvolatile Drugs 

Nonvolatile, nonreactive drugs are 
eliminated through the kidney and to 
a lesser extent the gastrointestinal tract 
and skin. The elimination by the kidney 
may vary with the plasma concentration 
of the drug, the blood flow through the 
kidney, glomerular filtration, thresliold 
level of the drug (if it has one), and the 
degree of tubular excretion. Although the 


matter is controversial, some investiga- 
tors feel that certain drugs, the barbi- 
turates, for example, are threshold sub- 
stances. The shorter-acting barbiturates 
do not attain the threshold level since 
it is high and for this reason do not 
appear in the urine. Longer-acting hom- 
ologues are believed to have a low 
threshold and are eliminated by the 
renal route. 

The solubility of many substances 
varies with the hydrogen ion concentra- 
tion of the dispersion medium. A sub- 
stance may be soluble in the alkaline 
medium provided by the plasma. How- 
ever, as it passes through the kidney 
into the distal portion of the convoluted 
tubule where the urine becomes acid, 
the same substance may be precipitated 
due to the decreased solubility. Some 
of the recently introduced chemo-thera- 
peutic drugs of the sulphonamide type 
precipitate in the tubules and cause a 
decrease in renal function, or even 
anuria. Tliey may also form calculi and 
block the pelvis of the kidney. None 
of the currently-used nonvolatile, an- 
esthetic drugs is known to behave In 
this manner in therapeutic doses. How- 
ever, diuresis may increase the output 
of substances normally excreted by the 
kidney. Alcohol, paraldehyde, the barbi- 
turates, and other drugs may be elimi- 
nated in greater amounts if a diuresis 
is induced by drugs or infusion of 
liquids. 

Volatile Drugs 

VoUile drugs, although eliminated by 
other channels also, are excreted chiefly 
Uirough the lungs. The elimination of 
inhalation anesthetic agents by tlie pul- 
monary route is the converse of absorp- 
tion. One can, therefore, consider the 
lasvs governing both processes simultan- 
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eously. These have been mentioned in 
detail in Chapter 4. 

DISTRIBUTION OF NONVOLATILE 
DRUGS 

The distribution of nonvolatile anes- 
thetic drugs in the body depends upon 
their rate of administration, dosage, and 
rate of absorption. Intravenously, orally, 
rectally, and intramuscularly adminis- 
tered drugs are carried to the right heart 
and mixed there with other venous blood 
and then distributed to tissues. Inhaled 
drugs are carried by the arterial blood 
directly from the lung to the tissues. 
Dmgs administered orally and rectally 
are absorbed into the portal venous sys- 
tem and pass through the liver. Whether 
or not any difference is effected by this 
preliminary passage through the liver 
is not known. Distribution in tissues 
may vary with the time interval fol- 
lowing administration. Immediately 
after injection of a drug, the liver, intes- 
tines, and spleen may contain consider- 
able amounts. After a time there may 


be a distribution to tlie brain, kidney, or 
muscles, depending upon the solubility 
and particular affinity it has for the tis- 
sue. Barbiturates, halogenated alcohols, 
local anesthetic drugs, and opium alka- 
loids diffuse into nervous tissue since 
they, too, are lipoid soluble. The distribu- 
tion of these in tissues is discussed under 
individual drugs. 

Saturated and unsaturated hydrocar- 
bons are inert in vivo. Aliphatic alcohols 
are usually oxidized, conjugated, or 
eliminated unchanged. Halogenated hy- 
drocarbons are eliminated unchanged. 
The halogenated aldehydes and al- 
cohols are usually conjugated with glu- 
curonic acid and eliminated through the 
kidney. Esters are hydrolyzed. Local an- 
esthetics and certain of the muscle re- 
laxants (succinyl choline) come under 
this category. Long-acting barbiturates 
are eliminated into the urine; the short- 
acting type are detoxified by the liver. 
Usually they are oxidized at the side 
chain. Then the ring is opened and the 
drug is converted to urea and water. 
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UNTOWARD RESPONSES TO 
ANESTHETICS 

F atalities and mjunY to tissues oc- 
casionally ensue from the use of an- 
esthetics or drugs used as adjuncts to an- 
esthesia. More often than not the drug 
is incriminated— justifiably in some 
cases and in many cases not. AU anes- 
thetics are protoplasmic poisons, and, if 
used to excess, cause death or injury 
to cells. However, overdosage should 
not be the only factor incriminated. 
Products of deterioration or contami- 
nants often cause responses not ordinarily 
anticipated of a pure drug. Trichlor- 
ethylene, for example, may be contami- 
nated with dichloracetylene, a product 
resulting from deterioration and oxida- 
tion. This substance causes neuritis of 
the cranial nerves, particularly the fifth 
(anesthesia). Allergic responses, mal-ad- 
ministration and causes incidental to ad- 
ministration and not related to the drug 
may also be responsible for unantici- 
pated reactions. Untoward responses so 
produced may, on occasions, assume 
medico-legal importance. Evidence 
based upon toxicological examination 
may be helpful in many instances to 
clarify matters. It behooves the anesthe- 
tist, therefore, to be familiar with the 
rudiments of toxicology, so that this line 
of investigation may be utilized to its 
fullest advantage. 


SCOPE OF TOXICOLOGY 
Toxicology is the study of identifica- 
tion of poisons and since poisons are 
chemicals toxicology is a specialized 
branch of analytical chemistry. The 
scope of toxicology, however, is some- 
what broader than that of analytical 
chemistry. Tlie quantities of drugs which 
are dealt with in toxicology are so minute 
in some cases that they are not detectable 
by chemical methods. Suitable tests are 
either unavailable or not sufficiently sen- 
sitive to be reliable. In some Instances 
bio-assay techniques are used while in 
others physical methods of analysis have 
been developed. Toxicology also em- 
bodies a knowledge of biochemistry and 
pharmacod)’namics as well as chemistiy'. 
The mode of absorption of a suspected 
drug, its distribution in the body and 
manner of elimination must be under- 
stood to avoid pitfalls. A knowledge of 
the systemic and local effects of an of- 
fending agent together with possible 
anatomic change, both gross and micro- 
scopic is necessary. Thus, the history 
of the illness caused by the poison, 
duration, symptoms and progress of Uie 
patient must be studied. Specimens re- 
moved from the body must be examined 
and subjected to toxicological analysis. 

COLLECTION OF SPECIMENS 
Tlie materials usually removed from 
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the body for examination are: (1) Body 
finds (urine, cerebrospinal fluid, blood 
and gastro-intestinal contents). These 
may be obtained ante mortem or post 
mortem. (2) Organs or sections of tissues 
(hair, skin, bone, and cartilege, etc.). (3) 
Specimens of unused portions of the 
drug. Solvents used for preparing solu- 
tions, utensils used in preparation which 
may have possibly contaminated the 
drug. The container in which the drug 
was delivered should be saved and in- 
spected. The apparatus or device used 
for administration may yield useful clues. 
For example, soda lime used during 
closed circuit anesthesia using trichlor- 
ethylene may contain products of de- 
composition of this agent. Syringes used 
for injection of a drug may have been 
contaminated by detergents. They 
should be held until examined. 

Specimens should be examined and 
tested as soon as possible, particularly 
when the suspected agent is known to 
be unstable. Body fluids and tissues 
should be properly presen’ed if it is not 
feasible to analyze them promptly. 
Drugs may be altered in cadavers and 
other biological material. The embalm- 
ing fluid may interact with the sus- 
pected poison or interfere with tests for 
it. 

ANALYSIS OF GASES 
AND VAPORS 

Gaseous agents and vapors of volatile 
liquids may be readily lost from the spe- 
cimen. Specimens containing volatile 
drugs, therefore, should be refrigerated 
and stored promptly in airtight contain- 
ers to minimize such loss. Generally the 
quantitative analyses of organs contain- 
ing gases is unsatisfactory because one 
is never certain of the quantity lost in 
handling the tissue before analysis. 


However, blood, urine and spinal fluid 
may be analyzed with precision if the 
specimen is collected and preserved an- 
aerobically. Usually a preservative is 
added to prevent decomposition of bio- 
logical and pathological specimens. For- 
maldehyde, phenol, chromic, picric acid 
and other fixatives are used by patholo- 
gists for routine examinations. These 
should be omitted if the specimen is 
used for toxicological analysis because 
these agents may combine with the drug 
and interfere with the analysis or give 
false positive reactions. Often in these 
cases reliance is placed upon refrigera- 
tion. In some cases a preservative is nec- 
essary to inhibit destruction of the drug 
by bacteria or enzymes present in the 
tissues. Procaine, for example, is quickly 
hydroly-zed by tlje blood esterases un- 
less an enzyme inhibitor, such as potas- 
sium arsenile is added when the blood 
is collected. ^Vhen the use of a preserva- 
tive is mandatory one should be selected 
which does not respond positively with 
contemplated tests. Preservation is also 
necessary because decomposition of nat- 
urally occurring constituents of thebody, 
such as proteins, fats, and carbohydrates 
may yield substances which react with 
the reagents and give false positive tests. 
Various amines, once referred to as pto- 
maines, result from the decomposition 
of proteins. These may respond posi- 
tively to tests which are based upon de- 
tection of amino groups. 

SELECTION OF MATERIAL 
FOR ANALYSIS 

The selection of the proper organ or 
fluid to be examined is important. This 
depends largely upon the ^emical and 
physical nature of tlie suspected drug 
and the manner in which it is distrib- 
uted in the body, its mode of detoxifica- 
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tion and tlie period of time wliich has 
elapsed after the drug has been ingested 
before the examination is ondertaben. 
Anesthetics and otlier central nervous 
system depressants are distributed prin- 
cipally in nervous and lipoid tissues since 
they are lipophilic. Tissues from the cen- 
tral nervous system, therefore, are more 
likely to contain the drug. Some volatile 
drugs, such as ether and chloroform are, 
relatively speaking, soluble in water. 
After anesthesia has progressed for some 
time they are found in appreciable quan- 
tities in the “watery” tissues of the body. 
Non-volatile drugs used for anesthesia 
or hypnosis are for the most part water 
soluble. Therefore, they too are found 
in the “watery” tissues of the body, par- 
ticularly early after administration. Later, 
since they also have some lipoid solubil- 
ity, they pass into the brain and adipose 
tissues where they may be detected for 
some time after they have disappeared 
from the viscera. Thiopental, for e.vam- 
pie, quickly passes into the brain and 
into the watery tissues. Equilibrium is 
established with plasma within a few 
minutes. The adipose tissues have a high 
affinity for the drug but, since the blood 
supply to tliese tissues is sparse, the up- 
take is delayed and the concentration 
does not reacli its maximum until an 
hour or so later. At this time the concen- 
tration in adipose tissues may be fifty 
times greater than in muscle. Therefore, 
one organ or tissue may have sizeable 
quantities early after administration and 
little or none hours later while a tissue 
which has none early may be saturated 
later. Generally the liver, spleen, kid- 
ney, adrenal, adipose tissue, brain, por- 
tions of the gastro-inteslimal tract and 
lungs are the organs examined for drug 
content. Liquids of low volatility which 
are excreted in part by the lungs may be 


detected there. Non-volatile drugs are 
not found in the pulmonary tissues. The 
analysis of lungs for gases or vapors 
of highly volatile liquid anesthetics is 
not satisfactory. Evidence of irritating 
and necrotizing contaminants in inhala- 
tional agents, as for example, phosgene, 
may be detected in the lung. The liver 
is always examined because this organ 
not only detoxifies most drugs but is one 
of the first to receive them after absorp- 
tion from the gastro-inteslinal tract and 
the portal system. The kidney likewise 
is always examined because this organ 
excretes both the unchanged drug and 
any detoxified products. The stomach 
and intestines and their contents are ex- 
amined not only when the drugs have 
been administered orally or rectally but 
also by other routes. Some drugs are 
eliminated into the gastro-intestinal tract 
or into the bile even though administered 
parenteraUy and can, therefore, be iso- 
lated there. Morphine, for example, may 
be excreted into the colon. Some drugs 
are poorly absorbed from the intestinal 
tract and may be detected in appreciable 
quantities in intestinal contents hours 
after administration. Others are rapidly 
absorbed and are barel)’ detectable 
shortly after administration. Almost 9555 
of a dose of tribromethanol is absorbed 
from the colon within the first 30 minutes. 

VALUE OF GASTItIC LAVAGE 
In poisoning or when overdosage is 
suspected, it is customary to lavage the 
stomach and, at times the colon, with sa- 
line or solutions of antidotes which oxi- 
dize, precipitate, neutralize or adsorb the 
poison. ^Vhen the offending agent is an 
alkaloid the stomach is lavaged with a 
dilute potassium permanganate solution 
wliich acts as an oxidizing agent and 
renders the compound physiologically in- 



Toxicology 


active or with a suspension of activated 
charcoal which acts as an adsorbent 
Acid drugs are neutralized with sodium 
bicarbonate or calcium carbonate. Alka- 
lies are neutralized with weak acids, 
such as dilute acetic (vinegar), or citric 
(lemon juice). The action of caustic 
agents which coagulate protein may be 
nullified by the prompt administering of 
egg albumin. 

The value of gastric lavage in cases 
of poisoning has been questioned. Un- 
less the stomach is evacuated shortly 
after ingestion a drug passes quickly 
into the intestine, where the bulk of the 
absorption occurs. Lavage is of little 
benefit once the drug moves into the in- 
testines. The possibility of aspiration in 
attempting lavage in comatose patients 
may offset the benefits dervied from this 
procedure. 

VALUE OF BLOOD ANALYSIS 

Blood analyses are extremely impor- 
tant in many cases. Blood for analysis 
may be obtained from the heart im- 
mediately after death before post mor- 
tem clotting occurs. Blood should be re- 
frigerated or treated with sodium arsen- 
ite or other enzyme inhibitors to prevent 
destruction of the drug by the enzjTnes 
or bacteria. Undue reliance is often 
placed upon blood levels. In some cases 
blood analyses are valueless. A barely 
detectable blood level may be obtained 
in the face of a high tissue level, A nega- 
tive result may be due to intravascular 
breakdo%vn of the drug. Minute traces of 
certain drugs continue to be present in 
blood for hours after conclusion of anes- 
thesia. This is due to the fact that some 
drugs are stored in lipoid tissues and 
pass from these storage depots slowly 
because of the poor blood supply. The 
bulk of cyclopropane disappears from 
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the blood within 10 minutes but minute 
traces may be detected in the blood for 
several hours after termination of anes- 
thesia. This persistent trace represents 
that fraction which passes from the adi- 
pose tissue which releases it slowly due 
to the poor blood supply and the high 
affinity of the fat for the drug. Blood 
which contains drugs which are bound 
to protein may fail to respond to tests 
for their identification. Blood levels, 
therefore, are low or zero. 

Slowly diffusible drugs, as for example 
the quaternary bases, exemplified by d- 
tubocurarine, may give high plasma lev- 
els immediately after injection and low 
blood levels after the drug has dif- 
fused into the interstitial spaces. A drug 
may be absent from the blood stream 
but still may be present in sufficient 
quantity at a particular receptor site to 
produce its usual pharmacologic re- 
sponse. Succinyl choline, for example, is 
rapidly hydrolyzed by the plasma. A 
quantity sufficient to cause depolariza- 
tion passes into the myonueral junctional 
tissues where it is not attacked by the en- 
zyme. Thus, a paralytic concentration 
may be present in the receptors while 
undetectable amounts are present in the 
plasma. The correlation between degree 
of nervous system depression and blood 
level is more striking with the inert in- 
halational anesthetics than with non- 
volatile drugs. The bloods levels in this 
case reflect accurately the state of de- 
pression. This is not so with the non- 
volatile drugs. 

URINE CONCENTRATIONS 
Data obtained from concentrations of 
a drug in urine may be misleading. Some 
drugs are detoxified so completely that 
they do not appear in the urine in de- 
tectable amounts. Succinyl choline and 
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thiopental, for example, follow this pat- 
tern. Slowly diffusible substances do not 
appear in the urine until hours after the 
physiologic effects have disappeared. 
The quaternary bases pass from the vas- 
cular space into the interstitial fluid 
spaces from which they are removed by 
glomerular filtration. Certain drugs do 
not pass into the urine after therapeutic 
doses, but spill over when massive doses 
are injected and the plasma level ex- 
ceeds the renal threshold. Below this 
level detoxifying mechanisms handle the 
elimination in its entirety. Above thres- 
hold levels the drug spills into the urine. 
Secobarbital behaves in this manner. 

ANALYSIS OF CEREBROSPINAL 
FLUID 

Analysis of cerebrospinal fluid may be 
helpful when the intrathecal, peridural 
or paravertebral route of administration 
has been utilized. When other routes of 
administration have been used the con- 
centrations may parallel plasma levels. In 
some cases the concentration may equal 
plasma level, in other eases it may be 
half; in other cases the drug is absent 
from the spinal fluid. There is no rela- 
tionship between cerebrospinal fluid con- 
centration and brain content of drug. 
When massive doses of barbiturates have 
been ingested the brain content may be 
appreciable, but the cerebrospinal fluid 
content is negligible. 

PLAN OF TOXICOLOGICAL 
ANALYSIS 

The usual procedure for identification 
of an unknown substance is to isolate it 
so that it may be subjected to the con- 
templated method of analysis. Unfor- 
tunately, specific tests which unequivo- 
cally identify a substance are not avail- 


able for many of the drugs encountered 
in toxi«)logy. Therefore, a plan of anal- 
ysis is followed in wliich the drug is 
first “pigeon holed” into a certain cate- 
gory. Tills is accomplished by studying 
its physical and chemical properties, 
such as melting and boiling point, solu- 
bility in water and organic solvents, re- 
actions to acids and bases, crystalline 
structure, odor, stability towards heat 
and so on. A discussion of more than the 
highlights of the plan of analysis wliich 
is followed in the toxicological examina- 
tion of a suspected substance is beyond 
the scope of this book. Tlie reader is re- 
ferred to more detailed texts for amplifi- 
cation of the subject. 

CLASSIFICATION OF POISONS 
Poisons are usually grouped as (1) in- 
organic substances and (2) organic sub- 
stances. Most drugs used in anesthesi- 
ology are organic substances. Inorganic 
substances are of far less interest to the 
anesthesiologist than organic; therefore, 
they will be slighted in tliis discussion. 
Organic substances are grouped as vola- 
tile and non-volatile. Tlie non-volatile 
group includes aliphatic substances, 
amines, amides, alkaloids, synthetic sub- 
stances related to alkaloids, amaroids, 
glycosides and so on and other sub- 
stances. Inert gases and anesthetics, such 
as nitrous oxide, cyclopropane, ethylene 
or vapors of highly volatile liquids, such 
as ethyl chloride are difficult to recover 
from tissues because they quickly dif- 
fuse and pass off after specimens are ex- 
posed to air or they are present in such 
small quantities that tlieir detection and 
determination is not only a difficult un- 
dertaking but futile, as a rule. However, 
gases which enter into combination with 
tissue constituents, such as carbon mon- 
oxide, may be recovered quanlitati\’ely 
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in blood. A sample of the suspected in- 
haled atmosphere may be subjected to 
analysis if it is available. 

ANALYSIS OF DRUGS OBTAINED 
FROM TISSUES 

If the specimen consists of tissue, ap- 
proximately 500 gms. are minced and 
suspended in water in a suitable flask 
connected to a cold water condenser. 
The mixture is acidified with an organic 
acid which does not precipitate proteins, 
usually lactic or tartaric. The volatile 
substances are separated from the non- 
volatile by fractional distillation. Steam 
is passed through this mixture and tlie 
distillate collected in fractions (Fig. 1. 
38). Three or four fractions at various 
temperature levels are collected. Some 
drugs are more volatile than others and, 
therefore, appear at different stages of 
distillation. The highly volatile agents, 
such as vinyl ether, aldehydes, ketones 
and halogen compounds appear in the 
first fraction. They are collected in a 
closed receptacle surrounded by “dry 
ice” or in one containing a solvent or 


other reagent which will bind or dis- 
solve all of the distillate and prevent 
loss. The less volatile, higher boiling sub- 
stances appear in the subsequent higher 
boiling fractions. After this initial dis- 
tillation with the acid, the mixture is 
made alkaline with sodium hydroxide 
and the fractional distillation is repeated 
in a similar manner. Volatile basic sub- 
stances, such as amines and quaternary 
bases are liberated by the alkali and dis- 
tilled over in this fraction. 

The distillates are treated with vari- 
ous reagents which serve to identify the 
suspected constituents. Generally, some 
clue regarding the chemical nature of 
the suspected poison has been provided. 
The toxicologist then is able to narrow 
the number of tests he must employ 
down to a few or, in some cases, even 
one. If the nature of the substance is 
completely unknown to the analyst its 
behavior to oxidation, reduction, hydrol- 
ysis, diazotization, deaminization, pre- 
cipitation and other reactions must be 
studied and this data correlated with 
physical factors. 



Fic. 1.38. Steam distillation apparatus. 
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EXTRACTION OF DRUGS 
FROM TISSUES 

The extraction of non-volatile sub- 
stances from tissues can be a tedious 
process. Many techniques have been de- 
vised to accomplish this extraction. Fun- 
damentally, all these techniques are alike 
but differ from each other merely in de- 
tails. The Stas-Otto process, for exam- 
ple, recommends that the finely divided, 
ground tissue be extracted in two to 
three times its volume of absolute alco- 
hol. Tlie mixture is heated on a water 
bath until reduced to a thin syrup. Wa- 
ter is then added, and the precipitate 
which forms is filtered. The filtrate is 
evaporated to dryness. Tlie residue is 
then dissolved in water, acidiBed, and 
extracted first with hot chloroform, 
ether, benzene or other organic solvents, 
depending upon the nature of the sus- 
pected material. The first extraction re- 
moves chloroform-soluble and acid sub- 
stances, such as barbiturates or phenols. 
Then ether-soluble, then benzene-solu- 
ble substances are removed. The sub- 
strate is then made alkaline and extracted 
once again willi chloroform, ether or 
other solvents which appear to be in- 
dicated, Basic substances, such as the 
amines, quaternary bases and alkaloids 
are extracted in this step. Benzene, pe- 
troleum, ether, amyl alcohol and other 
solvents are used when the suspected 
drug is known to be insoluble in chloro- 
form or ether. Tlie extracts are then 
evaporated to dryness and the residue 
subjected to appropriate tests, such as 
melting point, oxidation, reduction, hy- 
drolysis and so on. The drug may be 
purified by crystallization, sublimation 
or distillation in vacuo and then sub- 
jected to quantitative determinations by 
gravimetiic, volumetric, colorimetric, 
fluorimetric, paper and gas chromato- 


graphic, electrophoresis, bio-assay or 
other techniques of analysis. 

PREPARATION OF TISSUES 
FOR ANALYSIS 

Tissues are usually ground with a food 
chopper so that they are finely minced 
before extraction with the solvent. Some 
workers freeze the specimen witli liquid 
air, pulverize the mass and then extract 
with the desired solvents. Digestion b)’ 
enzymes, such as pepsin, trypsin, or caus- 
tic chemicals is occasionally necessary 
to macerate tissues. These methods are 
satisfactory only if the drug in question 
is known not to be altered by these sub- 
stances. Bones and joints may be 
crushed and extracted in the same man- 
ner as other tissues. 

DIRECT ANALYSIS OF SPECIMENS 

Urine, spinal fluid, and fluid from 
serous cavities containing no protein may 
be extracted directly with appropriate 
solvents after being reduced in volume 
by evaporation and treated with copper 
sulphate, silica, and other agents to re- 
move pigments. Blood and other protein 
containing fluids may be treated with 
phospholungstic acid or other protein 
precipitating agent and the filtrate sub- 
jected to the usual extraction procedures 
for analysis with the usual chemical and 
physical tests. Tablets, powders, con- 
tents of capsules and unknown liquids 
are dissolved, diluted with water and 
then extracted with appropriate sol- 
vents. 

SUMMARY 

It can be seen from the foregoing dis- 
cussion that toxicological analysis can be 
a complex procedure to be done only by 
skilled, informed persons. The anesthesi- 
ologist may be helpful by properly col- 
lecting material for analysis. 
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APPENDIX: TABLE I 
Internatiosal Atomic Weights 



Symbol 

Alomtc 

Number 

Afomtc 

Wetghi 


Symbol 

Afcwiic 

Number 

Atomic 

Ji'e^ghC 


Al 

13 

26 97 

Molybdenum . . . 

Mo 

42 

95.95 

Antimony 

Sb 

51 

121 7C 

Neodymtum . . . 

Nd 

CO 

144.27 


A 

18 

39.944 

Neon 

Ne 

10 

20.183 


As 

33 

74 91 

Nickel 

Ni 

28 

68.69 


Ba 

56 

137 36 

Nitrogen , . 

N 

7 

14.008 


Be 

4 

9 02 

Osmium. . . . 

Os 

76 

190.2 


Bi 

83 

209 00 

Oxygen . . . 

0 

8 

16.0000 


B 

5 

10 82 

PalUdium 

Pd 

46 

106.7 


Br 

35 

79.916 

Phosphorus . 

P 

15 

30.98 


Cd 

48 

112 41 

Platinum . . 

Pt 

78 

195.23 


Ca 

20 

40 08 

Potassium . . . 

K 

19 

39.096 


C 

6 

12.010 

Praseodymium 

Pr 

59 

140.92 


Ce 

58 

140 13 

Protactmium . 

Pa 

91 

231 

Cesium 

Cb 


132 91 

Radium. 

Ra 

88 

226.05 


Cl 

17 

35 457 

Radon 

Rn 

86 

222 


Cr 

24 

52 01 

Rtieniura 

Re 

75 

IS6 31 


Co 

27 

58 94 

Rhodium 

Rh 

45 

102.91 


Cb 

41 

92.91 

Rubidium 

Rb 

37 

85 48 


Cu 

29 

63 57 

Ruthenium 

Ru 

44 

101.7 


Dy 

C6 

162.46 

Samarium 

Sm 

62 

150.43 


Er 

08 

167 2 

^andium 

Sc 

21 

45 10 


Eu 

63 

152 0 

^lenium 

8e 

34 

78 96 


F 

9 

19 00 

Silicon . 

5i 

14 

28.06 







47 

107.880 


Ga 


69 72 

Sodium 

Ns 

n 

22.997 


Ge 

32 

72 60 

Strontium . . 

Sr 

38 

87 63 

Gold 



197 2 

Sullur 

S 

10 



m 

72 

178.6 

Tantalum 

Ta 

73 

180 88 


He 


4 003 

Tellurium 

Te 

52 

127.61 


Ho 


16.3.5 

Terbium 

Tb 

05 

159.2 


H 


1 0081 

Thallium 

T1 

81 

204.39 



49 

114 76 

Thorium 

Th 

00 

232 12 




126 92 

HuiIiuoi 

Tm 

69 

169.4 


Ir 


193.1 

Tin . 

Sn 

50 

118.70 





Titanium 

Ti 

22 

47.90 


Kr 


83 7 

Tungsten. 

W 

74 

183 92 




138 92 

Uranium 

V 

92 








23 






Xenon 

Xe 

64 

131 3 




175.0 

Ytterbium 

Yb 

70 

173 04 




24 32 

Yttnum , 








Zinc 




Mercury 

Hg 

80 

200 61 

Zirconium 

Zr 

40 



APPENDIX; TABLE II 

PRESSCRE CO'a'ERSION FACTORS 
1 lb per 5q jjjch =52 mm. mercury 
lib. per eq inch=70cm water 
1 iDCh mercury =25 mm mercury 
1 inch wafer =1 mm mereurj' 
1 mm. mercury =1.3 cm. water 
1 cm. water =0.73 mm. mercury 
10 mm mercuo'=“l3^«^™'’^*" 

10 mm. roCTCury=04 inch mercunf 
10 mm. mercury =019 lb. per sq inch 
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APPENDIX: TABLE III 
Metbic Equitalevts 
Ltnear 

I millimeter -..03937 inch 
1 centimeter=.3937inch 
I meter =3937 Inches 

1 inch =2.54 centimeters 

1 fool =30.43 centimeters 

I yard =01.44 centimeters 


Areo 

1 square cen»imeter=.I55 square inch 
1 square inch “C.451C square centimeters 
I'otume 

1 cubic centimeter =.0612 cubic inch 
1 cubic inch =16,33 cubic centimeters 


Fluid Volumt 

I cubic centimeter -16 23 minims 
1 cubic ceniirneler -.0338 fluid ounce 


1 liter 
1 liter 
1 fluid ounce 
1 pint 
1 quart 
1 gallon 


—33 815 fluid ounces 
— 1 0567 quarts 
—29 513 cubic centimeters 
—473 167 cubic centimeters 
—946 333 cubic centimeters 
—3 785 liters 


I milligram 
1 nam 
1 kilogram 
1 gram 
1 gram 

1 ounce (adv.) 


Weight 

— 015132 grams 

— 15 432 grains 

—35 274 ounce (adv.) 
—64 8 milligrams 

— 0648 grama 
—283495 grams 


ThermomelrK Egaimlente 
C’toP’ 

Multiply number of ccntigraiic degrees by 9/5 and 
add 32 to the result 

r* to C* 

Subtract 32 from the number of Fahrenheit and mul- 
tiply by 6/9. 
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Absolute Zero— ( 0*A) 273® below 0°C. At this 
temperature molecular motion is believed to 
cease. 

Absorption— P assage of a substance into the in- 
terior of another by solution or penetration. 

Acapnia— D ecrease of carbon dioxide tension in 
blood below normal value. 

Acm— A substance which yields hydrogen ions (H‘) 
in solution. Really a substance which yields 
oxonium (HiO*) in aqueous solution. 

Acid Anhydride— N on-metal oxide which reacts 
with water to /onn an acid. 

Acid Salt— A salt containing one or more replace- 
able hydrogen atoms. (NaHCOj). 

AcrnOK PoTENTiAL-Cuirent produced during phys- 
iolo^cal activity of nerve or other tissue. 

AcnvATE— To induce a state of increased chemical 
activity. 

Activated Charcoal— C harcoal treated to increase 
its adsorptive power. 

AcYCUC-An open chain compound possessing a 
ring formation. 

Acyl Group— A n organic radical having the con- 
figuration: 

0 

n4- 

Adiabatic Process— A process during which no 
heat is permitted to enter or escape from the 
system. 

Adsorption— A process believed to be physical in 
nature in which molecules of a gas or b'quid 
condense or adhere, as a film, on the surface 
of another substance. 

Agent (Anesthetic)— T erm used by anesthetists to 
designate an anesthetic drug. 

Airway— P athway for inspired air from bps and 
nostrils to alveoli. 

Alcohol— A n organic compound, derived from a 
hydrocarbon, containing one or more hydnwyl 
(Oil) groups. 

Aldehyde— A n organic compound, derived from a 
hjdrocarbon, containing a 

O 

-1-H 

group. 


Aliphatic— O pen-chain, organic compounds. 

Alkali— A strong, water soluble base. 

Alkaloid— P hysiologically active substance derived 
from plants, usually having a complex chemi- 
cal structure, containing nitrogen, and possess- 
ing basic properties. 

Alkyl— R adical derived from an aliphatic hydro- 
carbon, produced by removing one hydrogen 
from it. A radical cannot exist alone as such. 

Allotropy— T he ability of certain elements to exist 
In more than one fonn, due to a particular 
arrangement of the atoms or mohcides. 

Alpha Particles— H elium atoms which have lost 
two electrons (produced by radioactive disinte- 
gration). 

Amalcam-Ad alloy composed of mercury and one 
or more melab. 

Amide— A mmonia with one hydrogen replaced by 
an acyl group. 

R_C-0 

im. 

Amine— S ubstance produced by replacing one or 
more hydrogen atoms of ammonia by alkyl or 
aromatic, alicylic or heterocylie radicals. 

Ajiiorphous— A substance which does not have or 
does not appear to have a crystalline structure. 

Amphoteric Substance— A substance which pos- 
sess radicals which exhibit both acidic and 
basic properties. COOII-R-NH>. 

Anesthetic Index- 

No. units of anesthetic required for anesthesia 
No. umts of anesthetic required for respiratory 
failure. 

Angstrom Unit— 10^ cm., A hundred millionth of 
a centimeter. 

Anhydride— T he residue after the elements of 
water are abstracted from the acid or base. 

ANHYDROira Substance— A substance free from 
water. 

Anion— A negatively charged ion which h attracted 
to the anode (electrode) during electrolysis. 

Anode— (1) The positive electrode of an electrolytic 
cell. (2) The electrode where oxidation occurs. 

Antagonism— O pposing action of one drug by an- 
other. 

Aromatic— G roup of compounds derived from ben- 
zene and related hydrocarbons. 
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Association— T lie union of simple siimlat mole- 
cules to foim complex molecules. Such o union 
is reversible and remains incomplete. 
X(H.0)fc;(H,0).. 

Ato'i— T he smallest unit of an element which tales 
part m tlie formation of a compound. An atoin 
is a positive nucleus surrounded by elec- 
trons. 

Atomic Number— T he net positive charge on the 
nucleus. This represents the number assigned 
to the atom in the periodic table. 

Atomic Weicht— T he weight of an atom compared 
to the weight of an oxygen atom taken as 
16000 

A-V Difterence— D ifference in volumes per cent 
between Oj content of arterial and venous 
blood. 

Avocadro’s Hypothesis— H ypothesis stating that at 
the same temperature and pressure crjual vol- 
umes of gases contain the same number of 
molecules. 

Avocadro’s NuMutPi-Thc number of mokcules In 
a gram-molecule (mole) 0 02 X lO*”. 

Ba8e-{1) a hydroxide of a metal wluch yields 
liydroxyl ions in solution and neutralizes an 
acid to form a salt and water. (2) A sub- 
stance capable of combining svith a proton. 

Basic ANinmiuDB— The oxide of a metal which 
forms a base when it reacts with water. 

Basic Salt— A salt containing replaceable or hy- 
droxyl groups. 

Binary Compocnd— A compound whose molecule 
IS composed of two elements. 

Doilinc Point— T he temperature at which the va- 
por pressure svitlim a liquid equals atmos- 
pheric pressure. 

BnowNtAN Movement— T he random agitation of 
particles of matter of molecuiai magnitude pro- 
duced by collision of molecules. 

Calorie— T he amount of heat required to raise die 
temperature of one gram of water from J4"C 
to 15®C. The large calorie which is used in 
nutribon equals 1000 calories 

Calorimeter— A n apparatus used to measure die 
amount of heat liberated or absorbed during 
a chemical or physical reaction 

Carbonyl— C= 0 group, characteristic of ketones 
but also present in other radicals. 

O 

Carboxyl -i-OH group, characteristic of cw- 
gjDic acids. 

Catalysis— T lie change in the rate of a chemical 
reacBon induced by the presence of a sub- 
stance (called catalyst) which is itself un- 
changed after the reation is completed. 

Cathode— (1) Tlie negative electrode of .an electro- 
lytic cell. (2) The electrode where reduebon 


Catioh— A j««itively charged ion which migrates to 
the catliode in electrolysis. 

Chemical E^riLiBiouAi-'nie state of balance be- 
tween two chemical reactions proceeding at 
equal rales but in opposite direction, each un- 
doing the ivork of the other. 

Complex Io.n— I ons produced by the union of a 
number of simple ions, or by the union of a 
simple ion with molecules. 

Complex Salt— A salt which contains complex 
ions. 

Compound Susbstance— A substance which can be 
decomposed into recognized elements 

CoMjDGATKJs— Addition of a new group by a bio- 
chemical mechanism to a chemical substance 
which changes its physiological activity. 

Covalent Molecule— A molecule in wlilch the 
bond between tivo atoms is a shared electron 
pair, such as HiCI, HiH. CI:CL 

"CiiACKiNc”— A process in which hydrocarbons of 
high molecular weight are broken doivn into 
smaller molecules by the aid of heat and pies* 
sure. 

CnmcAL PitESSUKE-The minimum pressure re- 
quired to liquefy a gas at the critical tempera- 
ture. 

Critical TEMPERATVSE-Thc temperature above 
which a gas cannot be bqueHed regardless of 
the pressure used. 

Crtstalloid-A material which when dispersed in 
a dispersion medium forms a true solution. 

CvcLic-Closed-chain chemical compound. 

D«:nADATiON— A disintegration of a chain of car- 
bon atoms in a stepwise manner 

Density— Mass per unit ixilume, e g , grams per 
cubic centimeter 

Depression— D ecrease of power of cells to func- 
tion 

DeniVATtvE— The resultant of a chemical reaction 

Detonator— Flame, fuse, shock or other agent 
which causes an explosive mixture to explode. 

Deuterium— T he isotope of hydrogen having a 
mass of 2. 

Dextrorotatory— R otating a plane of polarized 
light to the right 

Dibasic Acn>— Acid with two replaceable hydrogen 
atoms in its molecule. 

Diffusion— (1) Passage of molecules through mem- 
branes (sudi as in alveoh). (2) The spreading 
apart of molecules of gases or fluids. 

Distillate— T he vapor which condenses and is 
caught in the receiver of a distillation appara- 
tus. 

Dissociation— Reversible decomposition of com- 
plex molecules into simpler molecules 

Dissolve— T he dispersion of one material into an- 
other so that an apparently homogeneous mix- 
ture forms. There may or may not be chemical 
alteration 
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Double Salt— A salt in which two atoms of a 
metal are combined with one acid radical or 
one atom of a metal is combined with two 
acids. 

Dyne— T he force necessary to impart to a mass of 
one gram an acceleration of one centimeter 
per second per second. 

Efflorescent Substance— A substance which 


loses water of crystallization when exposed to 
air, e.g, Na,CO,10HjO^Na,CO,H,O. 

Ei.ECTRocHEincAL Seiues— A list of mctals ar- 
ranged in the order of decreasing tendency to 
be oxidized, or to react with acids to hberale 
hydrogen. 

Electron— T he unit of negative electricity which 


gen atom 

ELEsrENTARY SoBSTANCE- One of a small group of 
substances of nearly complete stability whose 
chemical properties give each of them a defi* 
nit<3 place in the Periodic Table. 

Emulsiok-A dispersion in which the dispersed 
phase is a liquid and dispersion medium is a 
bquid. 

ENDOCENous-Arising from sources within the or- 


EKDOTRznAnc— Reaction absorbing heat. 

End Point— T he completion of a reaction usually 
evident by the first perceptible alteration of 
the color of an added indicator. 

EinmiE— A substance elaborated by living cells 
which possess catalytic properties. 

Epoxy— A group which has the structure 



Equiubbuim— A state of balance between two op^ 
posing forces or processes. 

Exother.mic— R eaction accompanied by the ewlov 
tion of heat. 

Explosive Mixture— M ixture capable of extremely 
rapid combustion. 

Fermentation— A cbemical reaction accomplished 
by living cells to hbeiate energy anaerobically 
aided by enzymes. 

Fixation of Nitrocex— T he conversion of atmos- 
pheric nitrogen into nitrogen containing com. 
pounds such as ammonia, nitrates etc. 

Flash Point— L owest temperature at which vapors 
of a liquid may be ignited by a flame. 

Fluorescence— A process in wMch light is ab- 
sorbed and is instantaneously re-emifted with 
altered frequency. 

Foam— A dispersion in which the dispersed phase 
is a gas and the dispersion medium is a bquid. 

Fractional Distillation— T he process by whkii 
two or more hquids of different boiling points 


are separated by distillation and each fraction, 
as it forms, is collected in separate containers. 

CiiAEc Atom— A tomic weight of an element ex- 
pressed in grams. 

Cram MoLKniLE— The molecular weight of an ele- 
ment or compound expressed in grams. 

Halide— A substance composed of a radical and 
one or more halogen atoms. 

Halogens— T he elements fluorine, chlorine, bro- 
mine and iodine. 

Heat of Dissociation— T he heat (expressed in 
calories) expended in the dissociation of one 
mole of a substance into specified products. 

Heat of Formation— T he heat in calones which 
is absorbed or hberated during the reaction in 
which a mole of a compound forms from the 
necessary elements. 

Heat of Vaporization— H eat in calories required 
to change a unit weight of L'qufd to the vapor 
state at a given temperature. 

Heavy Water— W ater which contains deuterium 
in a place of the ordinary hj’drogen atom. 

HETEROCYCuc-Cychc structure containing other 
elements beside carbon in the nng. 

HuMiDiTy (Absolute)— The amount c5 water vapor 
present per unit volume of gas or air when 
saturated. 

Humiditt (Relative)— T he actual amount of water 
vapor present m the air or a gas divided by 
the amount necessary for saturation at the 
same temperature and pressure expressed in 
per cent. 

HYDROGENATioN-Frocess of adding hydrogen (to 
an unsaturated compound). 

Hydrate— A crystalline substance containing a defi- 
nite proportion of chemically combined water. 

Hydrolysis- R eaction between the ions of a salt 
and those of wafer to form an acid and base, 
one or both of which is only slightly disso- 
ciated. 

Hpdroos— C ombined with an iadefinite or variable 
amount of water. 

Hygroscopic— A substance wluch absorbs moisture 
from the atmosphere. 

Hyperbaric— S pecific gravity of a solution which 
is greater than that of spinal fluid. 

Hypobawc— S pecific gravity of a solution less than 
that of spinal fluid. 

Indicator— A substance capable of undergoing a 
color change at a definite hydrogen ion (or 
other specific ion) concentration. 

Induction— P enod from start of anesthesia to at- 
tainment of third stage. 

Lnert Element— An element located in the zero 
group of the Periodic Table. 

Interface— T he surface which separates twxj 
phases. 

Ion— A n atom or group of atoms bearing a positive 
or negative charge. 
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lONiZATiov— The formation of Ions bj reaction with 
a solvent. 

Ionization Constant— T lie product of tlie concen- 
tration of the ions divided by the concentra- 
tion of the unionized molecules of an electro- 
lyle. 

Isoelectric Point— Tlie pH at which an emutsoid 
colloid eidiibits a minimum of swelling and 
may be nearly precipitated. 

Iso— A prefix placed before the name of an abphatic 
compound indicating branching of the chain. 

Isomerism— State in which two compounds have 
die same composition but different molecular 
structures. 

Isomers- M olecules composed of the same number 
and types of atoms but which are arranged 
differently wltlrni tlie molecule. 

IsomznMAL Process— A process occurring without 
the admission or escape of lieat. 

Isotopes— A toms wliich possess the same atomic 
number but slightly different atomic weights 
but almost identical chemical properties. 

Latxnt Heat— The quantity of heat expressed fn 
calorics which is absorbed or liberated when 
a mole of substance changes from one state to 
another at a fixed temperature, c.g. conversion 
of I8g. of ice to water at 0°C. requires 14-fO 
calories o! heat or 80 calories per gram 

Latent Heat or VAPonnATiov— TTie amount of 
heat in calories required to change a unit mass 
of a substance exbtlng in a liquid form at a 
given tcoiperature into a vapor witliout change 
of temperature. The heat of vaporization for 
water at lOO^C. Is approximately 530 calories 
per gram. 

Law, Le CiLATELiER's-If external facton such as 
temperature and pressure disturb a system in 
equibbrium adjustment occurs in such a xvay 
that the effect of the disturbing factors is re- 
duced to a minimum 

Levobotatdht— K otating the plane of polarized 
light to left. 

Ltpopiiiluc— S howing maihed attaclion or solu- 
bility in lipoids. 

Macerate— T he process of softening a soUd by 
steeping it in a bquid. 

Mabgin of Safety— M argin between the thera- 
peutic dose and lethal dose. 

Mass Action, Law of— T he speed of a chemical 
change is proportional to the concentration of 
tie reacting substances. 

Melting or Freezing Point— T lie temperature at 
which the soLd and bquid phases of any pure 
substance are in equilibrium. 

Mercaptan— An alcohol in which sulphur replaces 
oxygen in the hjdtoxyl group to fono an (SH) 
group. 

METAstEK— A chemical compound which resembles 


another in properties but differs from it in 
structure and composition. 

Molai.— A solution in which one gram molecular 
weif^it of solute is dissolved in one thousand 
grams of solvent. 

MoLAn SoLUTio.v— A solution which contains one 
mole of solute per bter of solution. 

Mole— T he molecular weight of a substance ex- 
pressed in grams. 

Molkwlab WEicirr-Tlie sum of the atomic 
wei^ts of all the atoms in a molecule. 

Monobasic Acu>— Ad acid having one replaceable 
hydrogen atom In its molecule. 

N— Refers to Nitrogen- a radical is attached to 
nitrogen in a compound. N-melbyl means a 
methyl group attached to the nitrogen atom. 

n-Noimal— refers to straight-chain compound, n- 
propane. 

Nascent- T l\e state of an element at the instant 
it is liberated from a compound. 

NcoTfiALizATroN— Union of hydrogen and hydroxyl 
ions to form undissociated molecules of water. 

Noilmal SoLimON — a solution containing an ac- 
tive reagent which may replace unite with, 
liberate or causes to react one gram of hydro- 
gen per Ller. 

Occlusion— T he process by which large voJumei of 
gases are absorbed by sobds. 

OxiDATiON-d) The combination of oxygen with 
other elements to form oxides (2) Tne process 
in which an element gains electrons. 

OiODATiON PoTBJTtAL— The mcasuie of the tend- 
ency of a substance to be oxidized to some 
specified other substance, under specified con- 
ditions. 

OxoNiuM Ion— T he ion ILO*, formed by direct 
union of a proton with water. The oxonium 
lOD forms when an acid dissolves in water. The 
old concept was that hydrogen (H’J ion was 
formed. 

O-TVCEN Cafacitt (VoL 2)— Maximum amount of 
o^gen a given volume of blood absorbs when 
equilibrated with an excess of oxygen ex- 
pressed in cc. per 100 cc. 

Oxygen Content (VoL 56)— Oxygen in volumes per 
cent present in blood at a given moment. 

Oxygen Satobation— O xygen content divided by 
oxygen capacity expressed in volumes per cent 

Paralysis— C essation of cell function. 

Periodic Table— A table of the elements, arranged 
in rows and columns. The different columns 
represent different groups of chemically simi- 
lar dements. 

pII— C oncentration of hydrogen ions expressed as 
the log of the reciproc.iI of the concentration 

Phase— A homogeneous portion of matter which is 
distinct in composition and properties from 
other phases in contact with It. 



Glossary 


Plane— L e\-el or “stratum” of third stage anes- 
th«ia. 

Polymer— A new compound formed by the combi* 
nation of several molecules of a substance. 
The compound has a percentage composition 
the same as the initial compounds but the 
molecular weight is a multiple of the initial 
compound. 

PoLYMORpmsii— The ability of a substance to exist 
in two or more crystallme forms. 

PosrmoN- A unit charge of positive electricity 
which has approximately the same mass as an 
electron. 

Potentiation— A ddition of one drug to another to 
increase its action. 

Precipitate— A n insoluble solid substance which 
loans from chemical reactions betiveen solu- 
tions. 

Pressure— T he force exerted against a unit area 
usually expressed in dynes or grams per square 
centimeter, or in pounds per square inch. 

Pboton-A positively charged hydrogen atom, H*. 
which is identical with the hydrogen nucleus 

Qualitattve Test-A test which attemps to iden- 
tify a material or the ingredients of a mixture. 

QuANTiTATrvB Test-A test used to determine the 
actual amount of a given substance in a mix- 
ture or compound. 

Racemic— A mixture of equal portions of a dextro 
and a leso compound. There is no rotation of 
the plane of polarized light. 

Radical— A group of atoms capable of acting as 
single element in chemical reactions. 

Radioactive— T he continuous discharge of invisible 
rays, which affect the photographic plate, the 
electroscope, or produce a visible fog in moist 
air. 

Reaciivity— P ossessing the tendency toward en- 
tering into a specified chemical reacUon. 

Rectify— P urification of a substance by fractional 
distillab'on. 

Reductiov— R emoval of oxygenj addition irf hydro- 
gen, gain of electrons. 

Reducing Agent— ( 1) A substance capable of re- 
moving oxygen from another substance. (2) A 
substance which contains an atom which do- 
nates one or more electrons 

Replacement Series— A n arrangement in which 
the metak are listed in order of their decreas- 
ing chemical activity. 

Reversible Reaction— A reaction which under 
proper conditions can progress in both direc- 
tions at one time. 

Saponification— T he hydrolysis of fats and oils by 
alkalies and water to form soaps and alcohols 

Saturated Solution— A solution in wbidi an 
equilibrium exists between undissolved solute 
and dissoKed solute. 
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Saturated Vapor— T his condition is present when 
the space above a liquid contains all the 
vapor it can acquire and hold at the given 
tCTiperature and which is in equihbrium with 
the liquid. 

Solubuxty Product Constant— T he product of the 
concentrations of ions in a saturated solution 
of a slightly soluble salt at a given tempera- 
ture. 

Solute— T he substance which dissolves in a solvent. 

Solvent— T lie constituent of a solution which does 
the dissolving and is present in greater 
amounts. 

Sp^ific Gravity (Gases)— T he ratio of the weight 
of one liter of gas compared to the weight of 
one liter of air. 

Specific CnAvm (Solid or Liquid}— T he ratio of 
the weight of a unit volume of a substance to 
the weight of an equivalent volume of water. 

Specific Heat— T he heat required to raise the 
temperature of one gram of a substance from 
14-15*C. 

SPECTBUM-Xhe separation of light into its com- 
ponent parts by the aid of a prism or grating. 

Stable-A term applied to a substance which has 
no tendency to decompose spontaneously. 

Stability (as applied to compoimds)— The property 
of being able to resist being decomposed oi 
chemically altered. 

Standabd CovDrno.v$-0*C. and 1 atmosphere 
pressure (760 rom. Ilg). 

Standard Atmospheric PnESSUSE-The pressure 
caused by the weight of the atmosphere at 
sea-level. It is a pressure of 1033 grams per 
square centimeter or 14.9 pounds per square 
inch. It elevates mercuiy in a barometer to a 
height of 760 mm 

Stimulation— I ncreased functioning of protoplasm 
induced by some extra celJuI^ substance or 
agent. 

Strong Acn>— An acid which is completely ionized 
in aqueous solution. 

SuBLiMATTON— The transformation of a solid to a 
vapor without its passing through the liquid 
state. 

Supercoolino— T he cooling of a liquid below its 
freezing point, without freezing occurring. 

Surface Tension- C ontraction force of a surface, 
usually expressed in dynes per square centi- 
meter. 

Suspension- A dispersion m which the dispersed 
phase is composed of a solid. 

Stkebesis— S pontaneous shrinkage of a gel, accom- 
panied by slow separation of liquid. 

Synsxicism— P roduction of an effect by tiw drugs 
possessing similar achon acting together which 
is greater than the sum of each if they act 
alone. 
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TENStON-Ptessure oE a gas. 

Tep.vary Compound— a compound whose mole- 
cule is composed of three elements. 

Tino— Prefix Indicating sulphur-containing com- 
pound. 

Tincture— Alcoholic solution of a compound. 

Titration— The measurement of tlie \oIume of 
liquid needed to complete a given cliemical 
reaction. 

Tbidasic Acn>— An acid containing three replace- 
able hydrogen atoms in each molecule. 

Valence (1) Tlie number of atoms of hydrogen (or 
equivalent elements) which combine with, or 
are replaced by the atom in question. (2} Polar 
valence is the excess of positive or negative 
changes on an atom or radic.nl. (3) Non-polar 


valence Is the number referring to electron 
pairs shared with other atoms. 

Vapob Density— T lie ratio of the weight of a gas 
or vaptw to t!ie weight of an equal volume of 
hydrogen measured under the same conditions 
tcmperatuie and pressure 

Vapor RtesunE— Tlie partial pressure exerted by a 
vapor. 

Viscosity— R esistance to flow of fluids due to the 
internal fnetion of the liquid. 

Volumes Pesi Cejct— (B lood) cc. of gas liberated 
from 100 cc. of liquid. 

Water of Hydration— T he water contained in a 
hydrate. 

Weak Acid— A n acid which is only slightly ionized 
in aqueous solution. 
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halogenated, 301 
! narcotic potency, 301 

I Acetic 

I acid, from alcohol, 270 

acid, in detoxiScation, 727 
' anhydride, 283 

' Acetmethadol, 362 

Acetone, 278 
chloroform, 323 
solvent for acetylene, 259 
ultra-violet absorption by, 228 
Acetylase, 707 
Acetylation, 581, 707 
' of choline, 707 

' of drugs, 707 

Acetyl chloride, 283 
Acetylcholase, 440, 444 
Acetylcholine, 438 
assay of, 444 
bound form, 444 
central effects of, 489 
curaremimctic effect, 441 
; distribution, 444 

esterase, 474 
gangliolytic effect, 467 
in brain, 444 
inhibitors of, 444 
local anesthetics and, 417 


Acetylcholine— conrinaecf 
methyl substitution of, 238 
muscarinic action, 441 
nicotinic action, 441 
potassiutn in action of, 60S 
protection by anticholinesterases, 483 
protein binding of, 473-474 
replacing nitrogen of, 443 
resemblance to anticholinergics, 445 
resonating molecules of, 238 
resynthesis of, 440 
sites of release, 441 
structure of, 439, 441, 442 
synthesis of, 582 
types of muscle and, 482 
variation in structure, 443 
Acetyl, diethyl, 301 
Acetylene, 250, 255, 259 
analysis of, 259 
anesthetic effects of, 249 
black. 544 

flammability of, 258, 526 
impurities in, 259 
methyl. 259 
pteparaben of, 258 
properties, 258 
reactivity, 259 

to determine cardiac ouQJut. 259 
types, 242 
uses of. 258 

welding, oxygen for, 189 
Acetyl ^ups, formation in body, 444 
Acetylides, 259 
Acetylmorphine, 343 
Acid 

acetic, 283 
anhydride, 745 
ascorbio, 697-698 
carbamic, 363 
carbonic, 154 
formic, 283 
glucuronic, 727, 728 
hydrogen ions from, 208 
lactic, 619-620 
malonic, 366 
meconic, 549 
naphthoic, 283 
oleic, 681 

orthophosphoric, 617 
palmitic, 681 
parabanfc, 366 
propionic, 283 
stearic, 680~68l 
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Acid— continued 
siilphoniCi 336 
sulpliunc, 336. 727, 728 
valeric, 283 

Acid-base balance, 620-631 
phosphates in, 617 
Acidemia, 623 
Acidity, degree of, 206 
Acidosis, 635 
assessment of, 628 
calcium levels during, 611 
compensated, 626 
chlorides In, 615 
diseases causing, 629 
effect on heart, 628 
from lactic acid, 645 
phosphates and, 619 
potassium in. 60S 
relahon to convulsions, 631 
relief by TIIAM, 630 
renal function and, 628 
respiratory, 610 
role of lactates, 619 
uncompensated. 628 
Acidpbosphatase, 618 
Acid salt, 745 
Acids 

anhydrides of, 157 
aromatic, 282 
body, 621 
carboxyLc, 282 
dicorboxylic, 282 
clunlnabon of, 617 
excretion by kidney, 623 

fatty, 282 . 680-681 

for local anesthetic salts, 414 
formation of, 244 
forming salts of alkaloids, 333 
in blood, 631 
lodmated amino, 702 
narcohe potency of, 283 
noD-volatile. 621 
of sulphus, 335, 336 
organic, 282, 283 
polycarboxyhc, 282 
release of during anesthesia, 627 
strong, 155, 620 
tncarboxyhc, 282 
volatile, 621 
weak, 155, 620 
ACTH, 695, 699 
effect on chlondes, 615 
Action potential, 745 
of end-plate 
role of potassium in, 608 
Activated charcoal, 745 
to absorb gases, 204 
Activation energy, 525 


Activity 

adrenergic, 451 
molecular, 10 
of drugs, 239 

elTech of cooling, 720 
effects of warming, 720 
physiological of drugs, 239 
scries, 154 
thermo-dynamic, 583 
Acyl 

compounds, 283 
group, 745 
Acylation, 284 
Acylic, 745 
Addison’s disease 
potassium in, 609 
sodnim in, 607 
Adenine, 506 
Adenosine 

diphosphate, 580-582 
Iriphosj^te, 580-581 
Adhesion, definition of, 10 
Adhesive, sparks from, 550 
Adiabatic 

compressiOD, explosions and, 534 
process, 27, 745 
anesthesia and, 26 
Adipose tissue, 683 
anesthetics in, 139, 140, 144 
drugs in, 363, 736 
ADP. 580 
Adrenal 

cortex, 696-700 
effects of ACmi, 695 
effects on potassium, 609 
gland, 696-700 
ascorbic acid in, 697-698 
effect of corticai hormones, 698-700 
hypofuaclion with enlarged thymus, 702 
influence of age, 700 
pressor responses and, 700 
relation to Other glands, 698 
relation to stress, 695-7D0 
shock and. 695. 698-700 
structure, 696-700 
hormones, cerebral effects of, 393 
Adrenaline (also see Epinephnnc) 

Adrenals, cholesterol ui, 6S2 
Adrenergic 
agents, 451 
receptors, alpha, 432 
beta. 452 

Adrenochiome, 460 
Adrenolylic drugs, 465 
Adsmbatc, 569 
Adsorbents, 229 
Adsorption, 518, 567-568, 745 
effects of temperature on, 588 
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Adsorption— confinued 
beat exchange in, 568 
negative, 568 
of barbiturates, 377 
of gases, 204, 229 
of helium, 204 
of local anesthetics, 416 
polar, 568 
specific, 568 

Van der Waals type, 568 
Aeroembolism, 146, 148 
causes of, 148, 194 
high altitude flying and, 148 
obesity and, 147 
prevention by helium, 203 
Aerosols, propellants for, 317 
Afibrinogenemia, 638 
Agent, 745 
Air 

anhydrous, 84 
composition of, 718 
density, 20 
density of, 185 
glosv of, 228 
heat conductivity of, 47 
humidification of, 8S 
in ^stemic veins, 148 
intravenous aspiration of, 148 
liquid, 2S, 187 
manufacture, 25 
Linde process, 25 
percent 

at high altitudes 
composition of, 132 
properties of, 185 
removal from viscera, 141 
specific gravity, 20 
I specific heal of, 47 

viscosity of, 185 
^ weight of, 84, 85 

[ Air-blood 

I distribution, of ether, 294 

raUo, 137, 142 

S of cjclopropane, 137, 261 

of ether, 137, 294 
' of ethylene, 252 

Air-conditioning 
loss of CO, due to, 200 
Air-embolus 

^ cause of death from, 148 

i persistence of, 148 

, prevention, 148 

, protein film as cause of, 149 

j Air-space 

intergranular, 167 
‘ intragranular, 167 

Airsvay, 743 

obstruction from cuff, 131 


Alarm reaction, 699-701 
Albumin, 638 
^bulin ratio, 639 
Alcohol, 745 (also see Alcohols) 
absolute, 269 
amyl, 273 
analysis of, 270, 272 
bromal from, 328 
cool flame of, 522 
diuresis from, 271 
E.E.G. effects, 268 
effects of hydrogen bonding. 237 
effects on cerebrospinal fluid, 648 
effects on nerve, 427, 690 
energy from, 270, 710 
ethochlorovinyl, 324 

ethyl (also see Etliyl alcohol), 268-73, 286 
flow rate of, 24 
from ethylene, 253 
halogenation of, 270 
in ether, 291 
in eshaled air, 271 
level for intoxication, 270 
lipophilic properties, 268 
morphine as an, 343 
D-hepty], 267 
oxidation by liver, 271 
oxidation of, 710, 726 
potency of, 265 
tertiary amyl, 321 
to form chloral, 325 
to make solution hypobanc, 653 
fnbrombutyl tertiary, 324 
Alcoholates, 326 

Alcoholism, role of magnesium in, 612 
Alcohols, 266-274 
acetylenic tertiary, 324 
alicyclic, 261, 2CT 
aliphatic, 266 
analysis of, 214 
anesthetic effects of, 266 
aromatic, 267 
branched chain, 268 
derivation of, 266 
effects of unsaturation, 268 
formation of, 244 
halogenated, 268, 320-324 
heterocyclic, 267 
In vitro stability, 268 
in vivo stability, 268 
molecular eight and potency’, 268 
monohydtic, 266 
narcotic potency of, 268 
nomenclature, 266 
oxidation of, 268 
polyhydric, 266, 267 
primary, 266 
properties of, 267 
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Alcohols— cofi^'nt/erf 
secondary', 267 
specific gravity of, 267 
structure activity of, 267 
tertiary, 266 
tViio, 335 
to’ticity of, 268 
types, 268 
unsalurated, 274 
halogenaled, 324 
vapor pressure of, 268 
Aldehyde 
acetic, 745 
ammonia, 270 
Aldeh)des, 275-Sl 
detection of, 292 
formation of, 244, 275 
from alcohols, 268 
halogenated, 325 
In ether, 271 
in paraldehyde, 280 
nomenclature of, 278 
potency of, 278 
reduction of, 277 
thio, 336 
toxicity of, 271 
types, 270 
unsaturated, 278 
Aleudrin, 364 
Aliphatic compounds 
anesthetic, 247 

companson to non-aliphatic, 329 
fiuonnation of, 316 
lipoid theory and, 564 
ALphabc sympaihomiinetic amines, 452 
Alkalemia, hypochlorenuc, 015 
Alkali, 745 

effects on Avertin, 322 
metak, 154 
reserve, 623 
Alkalies 

effect on anesthetics, 183 
ionization of, 156 
Alkaline earth metals 
carbonates of, 156 
detechon of, 520 
identification, 520 

Alkaline metals, carbonates of, 156 
Alkaline phosphates, 618 
test, 663 
Alkaloid, 745 
Alkaloidal reagents, 334 
local anesthetics and, 415 
Alkaloids, 331, 332-335 
activity of, 333 
belladonna, 446 
caffeine, 506 
chemical nature, 332 


Alkaloids— contin ucd 
complex nature, 831 
elements in, 331 
extraction from tissues, 740 
Identification of, 334 
of opium, 333, 341 
optical activity of, 334 
pll of, 833 
properties oF, 333 
purine, 504-507 
role in plants, 333 
salt (ormation of, 333 
solubility of, 334 
syntliesis of, 333 
Alkalosis, 625 
calcium levels and, 611 
chlorides in, 615 
compensated, 629 
uncompensated, 620 
Alkanes, 241 
cycle, 243 
Alkanthiols, 335 
Alkene oiudes, 300 
AUcenes. 241, 242 
ADcoform, 328 
Alkox}aminobenzoates, 410 
Alkoxybenzoates, 409 
Alkyl 

fluorphosphates, 440 
grouf^ 745 
groups, 242 
Allene, 250 
AUobarbrtal, 370 
Allotropy, 745 
AUyleoe, 250 
Alpha 

globulins, 638 
particles, 743 

phenyl methyl glutanmide, 507 
prodine (also tee Nisentil) 
properties, 360 
structure, 355 

receptors, blocking agents for, 466 
Aluminum, beat conductivity, 47 
Alurate, 370 
Alveolar 

air, alcohol in, 272 

collapse, caused by absorption of gascs, 147 

gases, tension of. 134 

membrane 

abnormabties of and uptake of anesthetics, 137 
tension of anesthetics in. 136, 140 
Alveoli, diffusion of gases in, 192 
Alypin 

description of, 404 
structure. 405 
Amalgam, 745 
Amaroid, 501 
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Amencsu Medical Association, 512 
Amethocaine, 410 
Amides, 284, 745 
cleavage of, 726 
dcnvation of, 330 
fonnahon of, 363 
h}'pnotic activitj’ of, 363 
local anesthetic table, 412 
substituted, 363 

Amidines, local anesthetic table, 412 
Amine oxidase, 460 
inhibitors of, 466 
Amines, 745 
aliphatic, 330 
aromatic, 330 
as COj absorbents, I5S 
as local anesthetics, 401-402 
as neuromuscular blockers, 479 
catechol, 460 
cyclic, 434 
formation of, 244 
helerocj’clic, 330 
in alcohols, 333 
solubiLty of, 330 
sympathomimetic, 452*464 
tertiary, 445 
types, 330 

Ammo acids, 634*35, 659 
Aminobenzoates, 405 
Amino esters, local anesthesia from, 404 
Amino ^oup 

hydrophilic nature of, 330 
in local anesthetics, 404 
Aminophenazol, structure 508 
Ammonia, 203 
amines and, 330 
formation by kidney, &36, 670 
formation in body, 636 
formabon to conserve base, 636 
renal formation, 624 
Ammonium 
chloride, 475 

nitrate, nitrous oxide from, 196 
nitrite, nitrogen from, 193 
Amobarbital, 372 
elimination, 381, 382 
Amorphous, 745 
Ampere, 537 
Amphetamine, 455, 464 
central action, 453 
structure. 453 
Amphoteric, 745 
substance, 9 

Amyl alcohol, potency of, 268 
Am)lcaine, 407 
Amjlene, 250 

anesthetic effects of, 249, 257 
histoi}' of, 257 


Amy lene— continued 
hydrate, 268, 273, 274 
as hypnotic, 274 
elunination of 
in Awrtin, 321 
properties, 273 
polymerization of, 257 
preparation, 257 
structure, 257 
use, 257 
Amylsine, 407 
Amytal, 369, 372 
elimination, 380 
Analeptic 

defimtion of, 497 
effects of amphetamines, 507 
effects of purines type, 507 
sodium succinate as, 509 
Analeptics 

chemical types, 498 
depressant effects of, 497 
effects on detoxification, 499 
mode of action, 497, 498, 499 
pharmacologic types, SOO 
similarities to depressants, 498 
types, 497 

Analgesic narcotic (Chap 18), 339 
Analme, paraethoxy, 412 
Analysis 

methods of in toxicology, 740 
micro, of gases, 229 
nonspecific methods for gases, 216 
of alcohol, 271 
of carbon dioxide, 201 
of gases. 207 
of helm/n, 204 
of hydrocarbons, 214 
of mine oxide, 198 
of nitrogen, 195 
of lutrous oxide, 196 
of gen, 201 
quantitative, 738-740 
toxicological, 735 
plan of, 738-40 
Analyzer 

for oxygen, 190 
infra-red, ISO 
Lblon-Becker, 227 
Anectuie, 489 
Aneroid manometers, 61. 62 
Anesthesia 
acetylene, 259 

adrenal hormones and, 69^700 
adsorption and, 569 
amino acids and, 634—35 
anti-dmresis during, 696—700 
aromatic hydrocarbons for, 248 
A-V difference during, 602 
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AMslhcsh~conttnued 
balanced, 499 
bile Secretion and, C65 
blood tunmonia levels, 636 
blood cholesterol and, 687 
blood lactates and, 619 
blood osygen during, 602 
Wood phosphates and, 618 
blood potassium during, 609 
Wood pressure levels, 633 
blood sodium and, 607 
blood urea and, 634 
blood volume and, 591, 592-96 
carbon dioxide output during, 201 
carbon dioxide tension in, 6^ 
changes In colloids, 854 
creatinine levels, 636 
dead space and, 182-183 
deleimtmng depth t>l, 587 
di'ssfpation of body heat during, 71S 
E.E.G. in, 588 

effects ol unsaturation on, 249 

effects on acid base, 627-&31 

effects on blood lipids, 687 

effects on blood magacsium, 0l3 

effects on calcium, 611-612 

effects on carbohydrate metabolism, 613 

effects on chlorides, 615 

effects on clotting, 643 

effects on inlm-cranial pressure, 657 

effects on spinal fluid, 651 

effects on spleen, 595 

effects on tissue respiration, 579-580 

endotracheal, 162 

estimation of depth of, 136, 140 

ether, induction of, 142 

excretion of phosphates and, €18 

glycogenolysis during, 64S 

hepatitis from, 667 

hyperventilation during, 631 

h)-potlieiTmc, 716 

inhalatjonal devices for. 111 

interstitial fluids and, 592 

Intracellular fluids, 592 

iodine metabolism and, 617 

ketone bodies and, 689 

liver function and, 664-665 

metabohe acidosis in, 621 

metabolism during, 712-714 

nitrogen washout for, 145 

nitrous oxide, 194 

non-protein nitrogen and, 637 

oliguria from, 675 

parathyroid hormones and, 702 

plasma proteins and, 640 

rectal. 321 

release ol fixed acids during, 627 
renal function and, 674, 675 


Anesthesia— continHccl 
signs of electrical, 5S9 
stress and, 695 
thyroid function and, 701 
tissue oxygen tensions and, 724 
uric acid and, 633 
uric acid levels and, 631 
urine composition in, 677-78 
uses of helium in, 203 
Vitamin C excretion and, 709 
vitamins and, 703-09 
with acetylene, 2S8 
with cyclobutane, 264 
with cyclohexane, 264 
with cyclopenfane, 264 
with cyclopropane, 260 
with gases under pressure, 149 
with hydrocarbons, 241 
with magnesium, 612 
with propylene, 256, 257 
with xenon, 204 
Ancsthesln, 405 
Anesthesiology 
organic chemistry and, £35 
Anestlicstophore group, 239, 387 
Anesthetic 

arterial blood tension, 130, 140 
effects of cerebrovascular resistance on uptake, 
141 

index, 745 

lipophilic, 139, 140, 144 
potency of fluonnateil compounds, 317 
vapors, similarity to gases, 136 
Anesthetics 

absorption by adipose tissues, 685 

absorption by brain, 685 

absorption by lipids, 684 

acetylcholine synthesis and, 582 

analysts of (Cliap. 7) 

aliphatic. 247 

blood borne, 393 

boiling points of, 52 

carriage in blood, 686 

cerebral metabolism and, 722 

classification of, 247 

complete, 329 

coupling and, 582 

eff^ on cell permeability, 573 

effect on red cell, 598 

effect on viscosity, 754 

elimination in saliva, 136 

factors influencing absorption. 142 

m blood, 136, 144 

in brain, 136, 14D, 144 

m fatty tissues, 686 

inhaled concentrations, 141 

intrathecally, ^1 

lipoid solubdity and blood level, 136 
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Anesthetics— ccmti'nuecj 

passage through blood brain barrier, 141 

plasma-cell distribution, 136 

red cell fragility, 598 

release of acetylcholine hy, 444 

renal elimination of, 136 

role in convulsions, 631 

solubilitj’ and hemoglobin content, 136 

stability of, 183 

stability in body, 136 

transport of, 563 

untoward responses to. 738 

uptake by brain, 139, 140, 144 

uptake by lung, 137, 140 

vaporization of, 73-79, 113 

vapor pressure of, 53 

volatile, 239 

application of physical laws to, 136, 140 
in blood, 136 
Anesthol, 328 
Angstrom unit, 745 
Anhydrase, carbonic, 623 
Anhydnde, 745 
Anhydrides, 154 
Anhydrous substance, 745 
AnJeridice 
properties, 360 
structure, 358 
Anion, 745 
Anionic site, 440 
Antons, in blood, 620 
Anode, 745 
Anoxia 

acidosis from, 630 
blood chlorides, 614 
blood lactates during, 619 
diffusion, 144 

effects on blood volume, 594-95 

effects on brain, 721 

effects on E.E G., 588 

effects on intracranial pressure, 658 

from nitrous oxide, 603 

from open cone anesthesia, 74 

bver function and, 664 

potassium during, 610 

rapid rehet from, 628 

relief of, 113 

using semi-closed inhalers, 117 
with open cone, 1I3 
Antabuse, 270, 710 
Antagonism, 745 

by competitive inhibition, 495 
drugs, 495 
physiological, 495 
to local anesthetics, 431 
Antiadrenergic drugs, 465 
excretion of, 466 
Antibody formation, 639 


Antichobnesterase 
failure to act, 483 
Anticholinesterases, 440 
non-depolarizers and, 482 
Anticholinergics, 404 
basic properties of, 445 
effect of quaterinizalion, 445 
local anesthetic activity of, 445 
receptors for, 445-46 
similarities to atropine, 446 / 

systemic actions of, 445 > 

Anticurare action, 482 
of thiamine, 706 
Antidepolarizer, 475 
Antidiuresis 

due to anesthesia, 696-700 
effect on spmal fluid, 649 
Antidiuretic hormone, 607, 669, 676, 695-696 
release by alcohol, 271 
Antieutymies, 692 
Antihistamines, 404 
Axibhonnooes, 694 
Anlihypertensive drugs, 467 
Anti-inflammatory agents, 698 
Antipyrene, 430 
Antistatic measures, 542 
Antithyroid drugs 
mode of action, 702 
relation to thiobarbiturates, 702 
Aorta, air emboh in, 140 
Apnea, during insufflation, 113 
Apneas, prolonged, 491 
Apocodeine, 353 
Apoenzyme, 692 
Apomoiphme 
formation, 350 
properties, 555 
structure, 344 
Aponal, 364 
Apothesine, 410 
structure, 409 
Apparatus 
Beckman, 190 

Coward and Hartwell, 528-29 
Haldane, 210 
Henderson, 208 
micro, for boding point, 513 
micro, for melting point, 514 
of Van Slyke and N’edl, 212 
Orsat, 190 
Scholander, 190, 211 
Van Slyke, 190, 210 
Van Slyke and NedI, 190 
volumetric, 190 
Warburg, 570 
Aprobarbit^, 370 
Aprolal. 370 
Arachnoid villi, 464 
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Arachnoiditis, 850 

Areas, of acidosis (Van Slyke), 620 
Arfonad, 336 
properties, 468 
Argon, 202 

drstnbulion, 202 
in air, 185 
properties, 202 
uses of, 202 

Aromatic, definition of, 745 
Arrhenius, pnnciplc, 526 
Arrlijthmias 

due to anesthetics and vasopressors, 457 
due to hyhacarbonf, 249 
Arsenic, isolcrism due to, 238 
Arsine, 239 
Arsonium, 476 

Artificial kidney, uses of, 679 
Ascarite, 158 

Ascorbic acid, 577, 708-09 

Aspanne, 466 

Assay 

biological of drugs, 520 
by preparing a derivative, 519 
chemical methods of, 577 
methods for drugs, 513 
physical methods of, 513 
types of, 513 
Association, 745 

Astrup method, for carbon diosidc, 724 
Asymmetnc carbon atom, 245, 517, 619 
m alkaloids, 334 

Ataractics, 274 (aUo see Tranquilizers) 

Atarax, 397 

Atelectasis 

absorption of alveolar gases and, 147 
helium for, 203 
hebum prophylaxis for, 147 
Atmosphere, 15 
carlwn dioxide in, 200 
Atmospheres. 58 

Atmospheric pressure, defimtion, 15 
Atom 

asymmetric, 245 
charges in, 8 
energy levels of, 224 
structure of, 224 
sub-division of. 7 
Atomic 
number, 8 
"eight, definition, 8 

"eight, table, 743 
Atomizer, 39 
Atoms. 7 

absorption of energ) by, 224 
definition, 7 
unstable, 7 


ATP, 580 

during barbiturate narcosis, 386 
Atropine. 446-447 
action, 441 

a racemic mixture, 515 
competitive action of, 593 
in cadaver tissue, 477 
local anesthesia from, 403 
metabolism of, 447 
optical activity of. 446 
properties, 448 
salts of, 447 
structure, 446 
substitutes, 450 
tests for, 447 
toxicology, 447 
Autonomic 
activity, 441 
drugs, 433 (Chap. 22) 
effects of narcotics, 347 
ganglia, 467 
nervous system 
block of. 438 
hyqvcUiermia and, 710 
A-V difference, 602, 748 
of brain, 722 
Avertm, 321-323 
assay of, 323 
blo^ levels, 323 
detoxification, 323 
effects of light, 322 
fluid, 274 
impurities. 322 
m tissues. 323 
Avogadros 
Law, 17 
number, 17-18 
Azeotropic inixtuies, 318 
AzocyeJoheptane (alto see Zactenn) 
properties, 560 

B 

Back pressure, ui flowmeten, 164 
Bactena 

from soda lime, 164 
in air. 185 

Badger's Solution, 191 

Baffles, in caunisteis, 169 

Bag, breathing ,115 (also see Breathing bag) 

Bailey valve, 127 

Balance, for specific gravity (Wesfphal), 219 
Balanced anesthesia, 499 
Baialymc, 162, 163 
barteriocidal effects, 184 
compared to soda lune, 162 
development of, 162 
effects on anesthehes, 184 
efficiency of, IffT 
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Barbital, 369, 370 
sterilization of, 377 

Barbitone, 370 

Barbiturate, cobalt test for, 384 

Barbiturates, 366-382 
acidic properties of, 368 
adsorption of, 378 
antagonists for, 507-509 
as local anesthetics, 403 
chemical properties of, 376 
compatibOity \vilh relaxants, 487 
detection of, 383 
detoxification by liver, 382 
detoxification of, 381 
effects on coupling, 582 
effects on oxidation, 579 
elimination of, 380 
extraction from tissues, 384 
fluorimetric analysis of, 383 
halogenatcd, 374 
in spinal fluid, 651 
in bssues, 378 
keto-enol form, 367 
metabolism of, 380 
nomenclature, 369 
N-substItuted, 315, 367 
pharmacologic types, 376 
potency, 368-369, 377 
preparation of, 368 
protein binding of, 380 
radicals and potency, 369-70 
renal excretion, 382 
stability, 377 
stenlization of, 377 
structure-activity relationships, 269 
succinyl cholme mcompatibihty, 491 
types, S67 

uptake by brain, 380 
uptake by fat, 380 
uptake by lipids, 685 
Vitamin C and, 709 
wth ahcyclic radicals, 374 
svith branched chains, 374 
Barbituric acid 
formation of, 366 
Barbpental, 372 
Barium 

activify of, 162 
toxicity of, 163 
Barium hydroxide 
activity of, 162 
solubility of, 155 
to detect carbon dioxide, 201 
Banum oxide 
as test for water, 370 
Barium peroxide, 188 
Barometer, aneroid, 62 
Barometers, 60 


Barrier, blood brain, 141, 647 

Basal metabolic rate, 710-12 (also see B.M.R.) 

Basal narcosis 

acidosis from, 630 
Basal oxygen requirement 
effect of anesthesia on, 713 
Base-bicarbonate 

determination with electrode, 724 
Base 

carbon dioxide combining power and, 624 
conservation by kidney, 624 
conservation of, 636 
effects of chloride loss on, 615 
potassium part of total, 608 
sodium in total, 606 
total, 604, 603 
Bases 

amines as, 330 
anhydrides of, 154 
guanidine, 636-37 
heat of solution of, 157 
local anesthetics as, 414 
quatemaiy, 331 
vegetable, 331 
Bayer-Thiele Theory, 569 
Baytinal, 373 
Beckman 

Oxygen Analyzer, 189, 222. 224 
Spinco-Apparatus, 201 
BeUadonna 
alkaloids, 446 
tmcture of, 448 

Bemegride, 507 (also see Megimide) 
metabolism of, 508 
properties of, 507 
structure of, 508 
Bemidone 

structure of, 258 
Bcnactyzme, 397 
"Bends," causes of, 194 
Benodaine, 466 
Benoxisate, 408, 410 
Benzaldehyde, 276 
Benzedrex, 454 
Benzedrine, 453 
Benzene 

froin acetylene, 259 
hali^enabon of, 303 
hydfo’y, 267 
Benzmorphan, 357 
Benzoates, 404 
Benzoic acid 

detoxification of, 662, 727 
Beozoquinonium 
properties of, 493 
structure of, 478 
Ben^l alcohol, 281, 402 
lusue injury from, 426 
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Bernard, Cbude 
Tlicor)' of Narcosis, 560 
Bernoulli 
theorem of, 37 
Bert, Paul, 149 

Beta-erythroidine, properties of, 491 
Beta-halo-nlkylamlnes, 400 
Beta osidatior», 659, 688 
Beta receptors 

Hocking agenW for, 46ft 
Betlinacol, 441 
Bicarbonate carbonic acid 
buffer pair, 622 
Bicasbonatc, formation of, 156 
Bicatbonates 

as sources for carbon dioxide, 109 
role in buffering, 622 
Bile 

acids, 682 
in urine, 678 
pigments, 601 
production of, 660 
secretion of. 665 
Bilirubin, 601, 668 
tests for, 661 
Bilivcrdin, 601, 660 
Binary compound, 746 
Bioassay 
of atropine, 447 
quantitative, 520 
of unidentifiable compounds, 520 
Biosynthesis, 725 (Chap 37) 

Biotin, 709 

Bifltransformation, 660, 725 (Chap. 37) 
"BLs’' compounds, 477 
Bisulphite additions, to aldehydes, 276 
Bleaching powder, 307 
Blind spot, in cannisters, 105 
Blockaine, 40S 

Bloddng agent, aAieneigic, 465 
Bloclang agents 
neuromuscular, 471, 474 
of mtemuncial neurons, 471 
Blood 

acetylene in, 258 
acids in, 621 

adrenal hormones in, 695, 699-700 

ammo acids in, 635 

ammonia levels, 636 

analysis for cyclopropane, 207-313 

analysis in toxicology, 737 

analysis of, 740 

analysis of gases, 207-216 

arterial 

anesthetics in, 139, 140 
oxygen in, 189 
tension of anesthetic, 136, 140 
A-V difference, 600 


Shod— continued 
bicarbonate in, 623 

brain barrier, 141, 685 (also see Blood-brain bar- 
rier) 

buffer pairs In, 621, 622 

carbon dioxide in, 621, 637 

carbon dioxide analysis of, 201, 207-213 

carbon dioxide, fraction of, 624 

carbon dioxide transport, 633 

carriage o! gases by, 136, 144 

cell formation, 660 

cells, predominance of anesthetics in, 136 
chlorides in. 614 
cholinesterases in, 444 
clotting mechaoism, 639 
coagulation, 641-642 
composition of, 593 
creatine, 636 
creatinine, 636 
cyclopropane in, 262 
dclerminabon of carbon dioxide 
tensions in, 625 
ethylene in, 255 
fetal, 602 

flow' of, cerebral, 139, 140, 192, 658 

Aon' of in adipose tissues, 685 

Aow of m brain, 685 

flow of renal, 672 

formation, 660 

formed elements of, 593 

gas solubility, 32 

glucose in. 643 

guanidine levels, 637 

hematoent, 593 

bcmoglobm in. 593 

in spinal fluid, 654 

iodine in, C]6 

lacbcacid m, 619 

lesels, interpretation of, 737 

Upvk Mid auesthesia, 657 

Itpids in, 630, 684 

tnagnesium in, 612 

nitrogen in, 794, 592 

nitrous oxide in, 196 

non-protein nitrogen, 633 

oxygen analysis of, 207-218 

oxygen in, 188 

oxygen tension of, 600-602 

pH of. 811. 624, 627 

phosphates in, 618 

phosphates, 617 

potassium concentration, 607-08 

proteins of, 638-41 

saturation of by oxygen, 189 

serotonin m, 469 

sodium concentration, 600 

solubility of hehum in, 20.3 

specific gravity of, 594 
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Blood— continued 

spectroscopic analysis of, 602 
sugar in, 642 
sulphates in, 620 
thyroid hormone in, 701 
total base, 605 

transport of anesthetics by, 583 
tubocurarine in celb, 488 
urea in, 633 
variations in pH, 624 
venous, anesthetics in, 139, 140, 141, 144 
venous, oxygen in, 189 
volume, factors influencing, 591-96 
solume, measurement of, 593 
volume of, 592 
volume regulations of, 660 
Blood'brain barrier, 647, 683 
nature of, 141 

uptake of anesthetics and, 141 
Blood-cerebrospfnal fluid barriers, 647 
BMR, 710 

determination of, 710-711 
disease and, 710 
effects of disease, 711 
physical status and, 711 
Bobbin type flowmeter, 98 
Body energy 
source of, 576 
Body fat, 683 
Body fluids 
discontinuous, 642 
gases In, 132 
Body beat 

formation of, 660 
loss due to drugs, 717 
loss by convection, 715 
loss by evaporation, 715 
loss dunng anesthesia, 714 
radiation of, 714 
Body temperature 
control of, 660 
effect on detoxification, 731 
effect on drug action, 719 
Body water 

bromide in, 616 
sodium in, 606-07 
Boiling 

difference from evaporation, 51 
point 

definition of, 51 
determination of, 613 
of colloids, 566 
Bolometer, 226 
Bond 

charge, 540 
double, 241 
hydrogen, 2-37 
triple, 241 


Bonduig, 9, 525 
by Van der Waals forces, 237 
covalent, 9, 236, 238, 240 
ionic, 9, 236, 238 
of relaxants, 480 
of drugs to receptors, 238 
of inert drugs, 239 
of non-volatile drugs, 239 
of relaxants at receptors, 480 
of volatile anesthetics, 239 
partial ionic, 238 
types, 236 
Bonds 

location of, 242 
numbering of, 242, 243 
Bones, magnesium in, 612 
Bonocaine, 411 
Boothby. 204, 217 
Borates, of local anesthetics, 415 
Borneo!, 505 

Botulinus toxin, effects of, 474 
Bourdon gauge, 96 
Bovet, 49 

Boyle’s Law, 13, 14 [also see Law) 
relation to cylinders 
Van der Waal’s modification of, 16 
Brain 

acetylchobne in, 444 
alcohol in, 270 
anesthedcs in, 563 
cholesterol in, 682 
composiHon of, 683 
damage from heat, 716 
distribution of serotonin in, 469 
drugs in, 738 
electrfcaJ activity of, 586 
infladon versus ssvelling of, 658 
bpid in, 683 

mutual integration of atom, 499 

perfusion of, 137, 140, 144 

R.Q. of. 721-722 

serotonin in, 469 

shrinkage of by urea, 634 

uptake of anesthetics by, 139, 140, 144 

volume and hypotension, 658 

volume, effect of anesthetics, 658 

volume of, 657 

water in, 592 

waves, 557 

Breathing bag, size of, 115, 118 
Breathing tubes, 118 (oiso see Tubes) 
effect of dead space on, 118 
effect on resistance, 124 
Breathing valves, effect of position, 128 
Brcvedil, 492 
firevital, 373 

British Thermal Unit (B.T.U.), 46 
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Bromal, SOS, 323 
hydrate, 328 
Bromates, 396 
Drometone, S24 
Bromide ion, detection of, 519 
Bromide, similarity to chloride, 015 
Bromides 

effect on nervous system, 615 
elimination of, 616 
escretion of, 615 
osmolar concentration of, 615 
salts of, 615 
total body, 615 

Bromioation, of aliphatic compounds, 305 
Bromine, 302, 615 
Bromoform, 308, 315 
Brometone from, 324 
from alcohol, 315 
properties, 315 
Bromsalizol, 402 

Bromsulphthalein test, for liver, 662 
Btoamial, 365 
Bronelil, turbulence In, 147 
Bronchus 

obstruction of, 147 
occlusion of. 147 
Bro^vn, E., 178 
Brown, 248 

Brownian Movement, 568 
BSP. test, 662, 663 
B.T.U., 46 

Bubble vaporizer, efficiency of, 78 
Buffer action, rules of, 622 
Buffer pairs. 821 
Buffets, 621, 639 
in spinal fluid, ^0 
optimum efficiency of, 621, 622 
types, 621 
Bulbocapnioe, 344 
634 

Bunsen coefficient, of zenon, 207 
Bureau of Mines, 555 
Bureau of Narcotics, 512 
Burette, for gas an^ysis, 190 
Burst suppression, 588 
Butacaine, 407 
Butadiene, 350 
Butalbital, 373 
Butallyonal, 371 
Butane. 241, 2S0 
ISO, 242 
normal, 242 
Butanephiine, 465 
Butanes, anesthetic properties, 248 
Butanol, 266 
Butethal, 370 
Butesm, 405 
effects on nerve, 690 


Butethaminc, structure, 407 
Buthahtone, 373 
BaUsol, 370 
elimination, 381 
Butobarbital, 370 
Butosypiocaine, 410 
structure, 408 
Butyl alcohol 
potency, 268 
Butylene, 250 
anesthetic effects of, 249 
Butyl paramino benzoate, 406 
Butyn, 407 

c 

C-IO, 492 

Caffeine, 504, 506-07 
citrate of, 507 
fate of. 507 

sodium benzoate, 506, 507 
source. 506 
Cahba^, curare, 486 
Calciferol, 704 
Calcite, 515 
Cnlcium 
absorption, 610 
acetate, 308 
as a coenzyme, 692 
carbide, 258 

chloride versus gluconate, 613 
control by hormones. 611 
diffusion of, 610 
effect of relaxants, 484 
effects of sodium levels on, 610 
hydroxide, in baralyme, 162 
hydroxide, ionizabon of, 156 
hydroxide, to detect CO«, 201 
in body, 610-11 
•phosphorous ratio, 618 
relation to blood phosphate, 018 
replacement by magnesium, 612 
role in clotting. 641 
silicate. 159 

to potentiate local anesthetic drugs. 431 
to reverse magnesium narcosis, 613 
Vitamin D and. 704 
Calorie, 46 
laig^ 46 
smalh 46 
CaloTles 

from alcohol, 270 
from metabolism, 710 
Calorimeter, 746 

Calx sodica, 161 (also see Soda lime} 
Carophane, 505 
Camphor, 504, 505 
as a cycUc ketone, 505 
brom, 505 
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CarapiiOi— continued 
excretion of, 506 
metabolism, 506 
properb'es, 506 
source, 505 

Canadian Board of Trade, gases and, 63 

Cannister 
Adriani, 180 

durabon of contact of gases in, 153 

effect of position, 169 

effect of shape, 169 

Roswell Park, 179 

water in, 153 

Cannislers 

air space in, 163, 166 
baffling of, 169 
construction of, 169 
dead space in, 182 
divided, 178 
dual. 173 
infection and, 184 
in series. 177, 178 
metal for, 169 
resting of, 172 
rest periods and, 171 
shape, 170 

shape and resistance, 181 
size of, 163 
sterilizing of, 184 
temperature in, 174-176 
temperature of exterior, 176 
temperature of interior, 176 
to absorb carbon dioxide, ISl— 184 
Capacitance, S38 
Capillanes, permeability of, 592 
Capillari^, 11 
Capillary permeability 
role of Vitamin C, 708 
Capillary tube 
viscosity and, 46 
Carbachoi, structure, 441 
Carbamate 

of am)lene hydrate, 364 
of cyclohexanol, 364 
of methyl propyl carbinol, 361 
of trfcUorefhanol, S64 
Carbamates, 274, 363, 364 
aryl, 440 

of dihydrie alcohols, 364 
of ethyl alcohol, 3M 
table of, 409 
Carbaraic add, 284 
fate of, 364 
structure, 363 

Carbamino compound, 201, 623 
Caibazol, structure, 344 
Carbinol, 266, 269 


Carbocaine, 411 
structure, 412 
Carbogen, 202 
Carbohydrate metabolism 
acidosis and, 629 
magnesium and, 612 
Carbohydrates, 642-45 
aldehydes, nature of, 276 
phosphorous in metabolism, 618 
ublization of, 580-82 
Carbon n 

asymmetric atom, 245, 517 
atomic nuclei of, 240 
binding with hydrogen, 240 
bivalent atom, 575 
diains of, 240 
chemistry of, 240 
cycbc components of, 240 
dioxide, 199-202 
absorbents for, 157 

absorption. 173 (Chap. V), 119, 151-184 (also 
tec Soda lime) 
by alkalies, 201 
completeness of, 167 
from isolated lung lobule, 147 
heat output, 174-176 
history of, 151 
inspiration and, 168 
need for moisture for, 160 
regeneration of actiMty, 172 
respiratory rate effects, 163 
temperature of gases in, 176, 716 
tidal volume effects, 172 
with activated charcoal, 158 
with amines, 158 
with ammonia, 156 
with ascaiite, 158 
with resms, 158 
with silica, 158 
with zincates, 158 

accumulation in 5eini>cIosed inhaler, 117 
alveolar blood tension, 625 
ali^lar tension, 132, 134 
analysis by electrode, 724 
analysis of, 201, 213, 214 
with Oisa^ 210 
arterial blood tension, 628 
as a quenching agent, 200 
as cause of convulsions, 631 
atmospheric, 200 
blood combming power, 624 
blood content, 624 
brain tension, 724 

breakdown of CO hemoglobin by, 601 
capacity of soda lime for, 177 
carbonic acid from, 200 
clotting effects, 642 
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Carbon— continued 
dioxide— continued 

combining power of blood, 627 (aUo see Car- 
bon dioxide) 

combining power, detcnninalion of, 024 

combining power, normal values, 027 

completeness of absorption of, 168 

conductivity of, 549 

critical temperature of, 71 

cylinder filling limit, 68 

detectors for, 179 

diSusibility of, through rubber, 131 

diffusion coefficient of, 133 

diffusion of, 22 

disposal from inhalers, 116 

disposal of, 118, 151 

effects on adrenals, 629 

effects of intracranial pressure, 657-658 

efficiency of absorption of, 177 

elimination from cells, 134 

evaporation of liquid, 71 

faUure to causo gas emboli, 140 

flowmeters for, 103 

from carbonates, 199 

from carbomc acid, 623 

from natural sources, 199 

flow of, 228 

history of, 199 

in air, 185 

m blood, 201 

in conditioned air, 549 

in soda lime, 177 

In spinal fluid, 650 

intravenous Injection of, 148 

irritation from, 200 

liberation from blood by aads, 627 

bquefaction of, 200 

liquid, 71 

output, 201 

during anesthesia, 713 
in patients, 176 
oxygen mixtures, 201 
oxygen toxicity and, 192 
paramagnetism of, 222 
pattern of absorption of, 164 
preparatvon of, 199 
properties of, 200 
quenching by, 530 
relation to alveolar alcohol, 272 
restoration of tension to normal after hyper- 
capnia, 628 

retention, due to anes&esia, 714 

retention during diffusion respiration, 135 

retention with open cone, 113 

solubilities of, 200 

solubility of, 30 

specifications for, 64 

speed of sound in, 217 


Carbon— continued 
dioxide— continued 
stability of, 200 
storage of, 628, 714 
stratification in cylinders, 202 
tension in bbod, 625 
tensions during anesthesia, 628 
tissue tensions and, 724 
tissue tensions, 724 
union with hemoglobin, 601 
use of solid, 202 
U,S.P. requirements, 199 
xenous blood tension, 625 
viscosity, 88 
viscosity of, 45, 103 
xvitlidrawal from cylinders, 71 
effects on rubber, 131 
electiopbilic atom in narcotics, 348 
monoxide, 109 
analysis of, 228 
in ethylene, 254 
test for. 254 

union with hemogbbin, 601 
valence-bond types, 238 
oxidation of, 197 
oxides of, 199 
quaternary, 346 
tetrachbride. 303 
preparation of, 310 
properties, 301 
valence of, 240 
Carbonate ion, 520 
detection of, 520 
identification, 520 
Carbonates 

as source of carbon dioxide, 199 
decomposition, 156 
decomposition of. 150 
from carbon dioxide absorption, 156 
solubility, 158 
stability in vacuum, 201 
Carbonic acid, 109 
amides of, 363 
bicarbonate ratio, 622 
fonoation 

role anhydrasc, 623 
neutralization of, 154, 200 
structure, 363 
Carbonic anhydrase, 623 
Carbonyl group, 273, 283 
Caibiomal, 365 
Cardenal, 370 

Cardiac arrest, role of potassium in, 629 

Cardiac catheterization, 600 

(brdiac outjHit, use of acetylene for 259 

Carotenes, 703 

Carotenoids, 681 

Caseinogen, 692 
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Castor oil, 681 
Catalase, 578 
Catalyst, 746 
organic, 691 

Catechol amines, 456, 468 
Cathode, 746 
Cathemoglobin, 601 
Cauda equina syndrome, 656 
Cauteries, explosions and, 554 
Cavendish, 255 
Cell 

aqueous environment, 59, 
membrane, 572 

depolarization oF, 573 
OTganizatioB ol, 571 
permeability to ions, 572-573 
metazoan, 591 
oxygen consumption by, 723 
permeability, effects oF anesthetics, 573 
volume 

bicarbonates and, 615 
chlorides and, 615 
Cells 

calcium in, 610 

effect of adrenal hormones on, 700 
effects of drug on, 235 
electrical acbvity of, 586 
in spinal fluid, 657 
magnesium in, 612 
receptors for drugs, 236, 239 
urea in, 634 
uric acid in, 634 
Centapoise, 43 
Centigrade to Fahrenheit 
computation of, 744 
Central excitants, 454 
as analeptics, 493 
Central mediators, 469 
Central nervous system 
effects of ammonia on, 630 
Cephalin, 684 

flocculation test, 663 
Cerebral blood flow, 722 
effects of oxygen on, 192 
Cerebrospinal fluid (Chap. 13), 646 
alkalinity of, 652 
analysis for drugs in, 738 
anesthetics in, 651 
blood in, 654 
hrain-barrier and, 647 
bromides in, 616 
buffers in, 650 
carbon dioxide in, 650 
chloride in, 614 
circulation of, 649 

composition, after spinal anesthesia, 657 
density of, 649 
diffusion nf, 654 


Cerebrospinal fluid— confinued 
disposition of, 649 
eifect of antidiuresis on, 649 
effects of bacteria in, 650 
effects of fluid depletion, 648 
effect of loss of, 648 
effects of position on composition, 650 
effects on local anesthetics, 652 
elimination of drugs from, 655 
enzymes in, 650 
homeostasis of, 648 
ions in, 650 
magnesium in, 612 
organic materials in, 650 
pressure iricreases iri, 854 
pressure of, 647-648 
proteins in, 649 
role in detoxification, 729 
role of, 647 

temperature of, for spinal anesthesia, 654 
Vitamin C in, 709 
volume of, 647 
Cevitamic acid, 788 
Chains, branching of, 242 
Channeling 

in cannisters, 169 
prevention of, 169, 171 
Charcoal, activated, 566 
Charge 
bound, 540 
by mduction, 540 
by influence, 540 
electrical, 535 
grounding, of electrical, 541 
induced, electrical, 539 
location of, electrical, 541 
Charges 
electrical, 536 
negative, 535 
positive. 535 
static, 534 
size of, 537 
Charles Law, 17, 617 
graphic, 18 

Chemical changes, causes of, 9 
Chemical properties, 10 
Chemistry 

branches of, 239 
drug. 235 

inorganic, in anesthesioiogy, 239 
interdependence of branches, 239 
organic, in anesthesiolog)’, 240 
Chemomorphology, drug action and, 236 
Chemosorption, 568 
Chloral. 325-328 
addition products, 276 
alcoholate, 301, 326 
ammonia^ 326 
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Ctioia]— continued 
assay of, 327 
camphor, 327 
chloralose from, 328 
condensation products of, 326 
decomposition of, 327 
detoxification of, 327 
from trichlorethylene, 328 
Jiydrate, 308, 325 
Identification, 327 
mephanesin, 363 
preparation of, 325 
properties of, 325 
reduction of, 326, 726 
solubility of, 325 
stability of, 325 
tricblorethanol from, 320 
union with amylene hydrate, 328 
union with mephanesin, 326 
-urethane, 326, 327 
Chloralformamide, 326 
Chloralimide, 326 
Chloralose, 301, 327 
alpha and beta forms, 32S 
isomers of, 327 
preparation of, 327 
Chlor-amlnobcaaoates, 410 
Cldorbutanol, 323 
Chloretone, 323>24 
properties of, 8S4 
uses of, 324 
Chloride 

distribution in body, 614 
dun&g acidosis, 628 
ion, 615-618 
detection of, 619 
identification, 519 
respiratory activity on, 614 
shift, 614, 622-23 
to red cell, 622 
Chlorides 

blood pH and, 614 
effect on bromide excretion. 616 
effects of disease, 614 
replacement by bromides, 616 
Chlorine, 362 
isotopes of, 10 

oxide, paramagnetic effect of, 222-223 
valence of, 9 

Chlorobutanol, 323-324 (aUo see Chloretone) 
Cbloiobutol, 323 

Chloroethynyl diethyl carbmol, 324 
Chloroform, 303, 305. 306, 307-310 
absorption from lung lobule. 147 
aldehydes in, 310 
alveolar tension of, 52 
analysis of, 309 
assay of, 310 


Chloroform— coni/riuecf 
diloretone from, 824 
combination with drugs, 574 
distnbution coefficient of, 137 
effects of soda hme on, 163, 310 
effects on liver, 660 
elimination of, 144 
flammability of, 308 
from alcohol, 270 
from chloral, 326 
hepabtis, ammo acid levels in, 635 
in blood, 136. 309 
in bssues, 300 
preparation of, 307 
preservation of, 308 
properties of, 310 
purity of, 310 
stability of, 308 
uptake by fats, 685 
urinary excretion of. 309 
vaporization of, 72, 73, 113 
Chlorprocaine, 408, 410 
properties. 436 
CUotpromaiine, 394 
action in brain, 470 
aotiadrenergic effects, 470 
properties of, 398 
structure of, 3M 
Chlotylene, 312 
Cltolesterol, 6S2-683 
estenfied, 656, 687 
free, 687 

from acebe acid, 707 
in tissues, 682 
Choline-acetylase, 474 
Chobne 

effects of esterification, 442 
esters, 443 

structure of, 438, 441 
Chohnergie receptors, chemical nature, 480 
Cholinesterase 

anioiuc and csteractic sites, 496 
destruction of, 483 
in spinal fluid, 650 
CboIuKSterases, 439 
assay of, 444 
CbondrocuTartne, 489 
Chondrodendroos, 486 
Chondrodendron tomentosum, 486 
Choroid plexus, spinal fluid from, 646 
ChTomatogram. 510 
Chromalo^ph, gas, 95 
Chromatography 
column, 518 
gis, 229-230 
gas partition, 229 
paper, 388, 518 
"iJate" concept of, 229 
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Chiomato^afhy— continued 
vapor phase type, 229 
Chromic acid 
to detect aldeh) des, 280 
to measure ether, 293 
Chiomophore group, 387 
Cinnamafes, 410 
table, 409 
Cinnamfc alcohol 
local anesthetic from, 402 
Circle filter, 166 
expiratory valve for, 127 
heat in, 174-176 
Roswell Park, 179 
Circulation 

of spinal fluid, 649 

time, of pulmonary blood flow, 139, 140 
Cis-trans isomerism, 245 
Citopan, 373 
Citrate, of Caffeine, 506 
Citrates, anticoagulant effect of, 641 
Citric add cycle, 582 
Classification, of anesthetics, 247 
Clayton yellow, 178 
Clopane, 454 

Closed inhaler, removii] of carbon dioxide from 
Closed inhalers, 119 (cho see Inhalers) 

Closed sy’stems, 550 
Clot, definition of, 641 
Clotting, 41 (also see Coagulation and blood) 
effects of anesthetics on, 642 
hver and, 663 
role of proteins In, 639 
time, 642 

Coagulation, Vitamin K and, 705 
Cobalt color test, 383 
Cobalt detection of, 520 
Cobaltous salts, to determine humidity, 84 
Cobefrin, 455, 463 
Cobefrine, 483 
Cocaine, 404 
as standard, 422 
detoxification, 432 
hydrolysis of, 421 
milk, 414 
mud, 414 

properties of, 431-432 
structure of, 405 
Codeine, 352-354 
properties, 352 
structure, 342 

Codeinone, from codeine, 353 
Coefficient 

Bunsen absorption, 31 
diffusion, pulmonary’, 133 
distnbution, 32, 137 (afro see Distribution c 
dent) 


Coefficient— conrinwed 
expansion, 17 
<rf gases, 11 
Ostw'ald’s, 31 
RaouftV, 31 
sotubilUy, 31 
Coenzyme A, 581, 707 
Coeazy'mc 1, 706 
Coen^me If, 706 
thiamine in, 706 
Coenzyme HI, 707 
Coenzymcs, 577, 692 
drugs acting as, 497 
effect of drugs on, 693 
magnesium as, 612 
role of thiamine jn, 706 
Cohesion 

definition of, 10 
forces of, 24 
in an ideal gas, 15 
Coke, COj from, 199 
Cold 

sensory' perception of, 716 
sterilization and technique, 129 
sterilization of drugs, 654 
116 Coleman, Alfred, 151 

Cole test (chloroform), 309 
Collagen disease 
Vitamin C and, 708 
Collapse, alveolar 
due to absorption of gases, 147 
Collision, of molecules, 22 
Colloidal gold curs’e, In spinal fluid, 657 
Colloids, 564-567 

effects of narcotics On, 564 
flocculation of, 566 
hydration of, 567 
lyophilic, 565 
lyophobic, 563 
particles lo, 566 
surface of particles in, 567 
thixotropy and, 567 
ullramicroscopic changes, 564 
Colon, excretion into, 736 
Colorimeter, 519 
Coma, due to barbiturate, 509 
Combustion 

aided by lutrous oxide, 198 
by-products of, 522 
definition of, 521 
for gas analysis, 230 
of cyclopropane, 262 
of gases, 220 
spontaneous, 533 
support by nitrous oxide, 256 
support of, 521 
Compazine, structure, 394 
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Corbasll, 465 
Cords, electrical, 554 
Cotiamytrin, 502-503 
Coronary vessels, alf emboli in, 148 
CorticDsteioiils, 695—700 


Competitive inhibition 
by curare, 475 
mass action anti, 496 
role of enzymes in, 693 
Complexion, 745 
Compound E, 697 
Compound F, 697 
Compounds 
cyclic, 2!2 
grouping of, 517 
heterocyclic, 331-332 
non-aliphatic, 329 
normal, 242 
“onium," 476 
syTOpathomimehc. 451 
Compressed gases, 62 
Compression, adiabatic, 25 
Condenser, 538 
Conductive shoes, 551 
Conductivity 
of dry cotton, 551 
of floors, 543-45 
of shoes, SSI 
thermal, 216 
Conductor 
isolated, 538 
perfect, S36 
Conductors 
nature of, 534 
resistance of, 537 
Configuration, sterio of narcotics, 347 
Congo Hed 
pH range of, 322 
to test Xvettin, 322 
Conjugation 
definition of, 727 

methanes for detoxification, 727-30 
of tncMorethanol, 321 
Connell apparatus, valves m, 126 
Connell flowmeter, 99 
Constants, Van der Waals, 584 
Contaminants, in ether, 290 
Contamination, bactenal of apparatus, IS4 
Continuity, Law of, 34 
Conversion facto«, 743 
Convulsions, ether, 631 
Copper 

cupnc compounds, 191 
for oxygen analysis, 190 
heat capacity of, 79 
heat conducUvit)’ of, 47, 79 
kettle, efBeicney of, 80 
kettle, heat source for, 80 
specific heat, 79 
sulphate, to defect water, 270 
to detect aldehydes, 276 
to stabilize ether, 291, 293 
Coramino, 503 


Cortisone, 696-97 
Coiyllos. 147, 192 
Cotton process, 251 
Coulomb, 537 
Coionann, 641 

Council on Pharmacy and Chemistry, 512 
Coupling, SSI 
Covalent bonding 
drug action and, 236 
“Cracking,” 748 
of hydrocarbons, 251 
of propane, 256 
Creatine, 635-36 
phosphate, 5SO-S81 
Creahnine, 635 
clearance test, 671 
Crenalion of cells, 56 
Cnttcal flow rate, 35 
in endotracheal tubes, 124 
Crfbcal pressure, 33 
Critical temperature. 33 
of carbon dioxide, 71 
of liquids, 52 
Critical volume, 33 
Cross-Infection, in cannisters, 184 
Crossover technique, 520 
CIO, 205 

Cuff, endotmcheal, 129 (also see Endotracheal cuff) 
Cullen. S.C, 150, 205 
Cupreine, 411 
Cupnc comiM^nds, 191 
Cuprous compounds, 191 
Curare, 486-89 
action of. 474 
assay of, 520 
high potency, 487 
receptors for, 238 
renal excretion, 488 
solution of, 466 
tube, 4B6 
luut of, 486, 520 
Curaiemimetic substances, 475 
Curanzation, effect of blood flow, 481 
Currents, eddy, 35 

Cushings disease, effects on clilondes, 615 
Cushing’s syndrome, 698 
Qanacetic and, 366 
C^anhemoglobin, 601 
C^nhydnns. 276 

(^•anides, methhemoglobin and, 601 
Cyanide poisoning, treatment, 601 
(^'dame, 463 (atm see Hexylcaine) 

Structure, 405 



Index 


803 


Cycle, citric acid, 582 
Cyclic amines, 454 
Cycloalkanes, 243 
Cyclobarbital, 371 
Cyclobufane, 243, 250, 264 
Cyclohexane, 242, 250, 264 
Cyclohexanol, 402 
CycloDiethycaine, stnichire of, 409 
Cyclonal, 373 
Cyclopal, 371 
Cyclopentamine, 454 
Cydopentane, 242, 250, 264 
isomers of, 265 

Cyclopentanophenantlirene ring, 697 
Cyclopropane, 250, 260-263 
analysis with Orsat, 210 
blood oxygen during, 602 
blood pH during, 629 
diffusion coefBcient of, 137 
diffusion of, 22 
dimethyl, 250 
E E.G. levels. 588 
elimination of, 143, 144. 262, 737 
flammability, 526 
flowmeters for, 102 
history of, 260 

increased bleedmg from, 642 
isomerization of, 261 
Isomer of propylene, 256 
isomers of, 249 
methyl, 250 
preparation of, 260 
properties of, 260 
quenching of, 530 
solubility of, 261 
specifications for, 64 
structure of, 242 

sulphunc acid, absorption by, 261 
trunethyl, 250 
viscosity of, 88, 103 
Cylinder (also $ee Cylinders) 
contents of, 69 
safety plugs in, 64, 65 
sizes, 64 
valves, 63 
weight of gas in, 68 
Cy?inden 

accidents from, 66 
care of, 65, 66 
chrome, 67 
color marking, 67 
content of, 69 
cooling of, 25, 71 
“cracking” of, 555 
effects of heating, 69 
elasticity of, 66 
for ethylene, 253 


Cylinders— continued 
for gases, 63 
for oxygen, 189 
gas. dangers in use of, 26 
handling of, 63, 66 
identification of, 67 
imperfections, 65 
labels for. 67, 68 
limits of filling, 68 
marking, 65, 66 
oil on, 65 
ownership, 66 
pressures in, 69 
rack for, 65 
records of, 63 
refilling of, 65 
reuse of, 65 
safeguards, 68 
safe handling, 555 
Sizes, 63 

specifications for, 66 
storage of, 65, 71 
strength of, 63 
tesbng, 66 
testing of, 64 
tronsfillin^ 26, 69 
transfilling of, 26 
valve, care of, 65 
vanatsoDs in gas pressure in, 109 
Cyprane Inhaler, 76 
valves in, 129 
Cyprelh, 299 
Cyprome, 286, 299 
Cysteine, 635 
in detoxification, 727 
Cysteinuria, 635 
Cystine, 620 
Cytochromes, 576, 577 
Cytosine, 366, 410 

D 

Dalton’s Law, 21, 131, 149 
Damage, lung, 21 
DAFT. 508 

Daptazole, structure, 508 
Dartal, structure, 894 
Danmt 

properties, 362 
structure, 361 
Dating of drugs, 511 
Datura stramomuro, 446 
Davy, Sir Humphrey, 195, 258 
Deadly night shade, 446 
Dead space 

anatomic. 111, 182 
in cannisters, 182 
in masks, 182 
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Dead spi'ce— conHtii/ed 
mechanical, 111, 182 
effects of, 183 
m breathing tubes, 183 
physiological, HI, 182 
types. 111 

Deaminization, of acids, 635 
Decumethonium, 468, 475, 492 
antagonism by curare, 284 
diitriliution, 492 

elfects on red and white muscle, 482 
elimination of, 492 
molecular size, 481 
passage into muscle, 482 
striieturo of, 478 
synthesis of, 492 
DecamcthyUnc chain, 492 
Decaibosylation, of kelo acids, 70Q 
Decompression, after high pressures, 146 
Deflagration, definition of, 524 
Degradation, daring detoxification, 730 
Dchydrase, 091 
Dehydration 
effect on N.P.N , 033 
effect on relaxants, 481 
of colloids, 567 
Dehydrocorticosterone, 697 
Dehydrogenases, 576 
Delvinal, 372 
Demand valve, 114, US 
Demarkation potential, 400 
Demerol, 358^59 (also see Mepetldme) 
properties, 357 

Denitrogenation of tasties, 144 
Density 

definition of, 20 
determination of, 218 
effects on flow rates, 88 
filling, in cylinders, 01 
nscosity and, 45 
Depolanzation 

by acetylcholine, 472 
ionic interchange, during, 473 
of postjunctional membrane, 472 
Depolarizers 

biphasic action, 454 
Depressants 

classification of, 329, 560 
nitrogen containing, 363 
non-narcotic, 363 
Derivative, 756 

preparation of to identify drugs, 519 
IT-desoxycorUcostewids, 697 
Desorycorticosteroid, 697 
Detector 

for carbon dioxide, in filters, 180 
for gas chromatograph, 229-230 


Detectors 

far gis analyzers, 226 
noci-scicetive, 226 
sdectivo, 226, 227 
Detonation 
dcGnUion, 524 
pressures from, 524 
temperatures from, 524 
Detonators, 523 
Detoxlficatiwi (Chap 37). 725 
liver, 660 

effect of drugs on, 730 
factors influencing, 731 
formation of toxic piodiitts dnnng, 730 
influence of structure, 730 
mechanisms of, 725-731) 
methods of study, 725 
of non-reactive drugs, 732 
of local anestlietics, 420-22 
reactions for barbiturates, 381 
role of enzymes in, 383 
species variations, 730 
Deuterium, 9, 205 

Dew point, to determine humidity, 83 
Dextro, definition, 515 
Dcxttoisomers, 245 
Destrometbmorphinan, 345 
Destromo^faan. 345 
Dc-xfropropoxyphene, sfructu-e, SOI, 362 
Dextrose, sterilization of, 429 
DFP 

Diacelyl morphine 
properties, 354 
structure, 342 
Dial, 370 
ehfflination, 381 
Dialysis, 679 
Diazo reaction 
to detect nitrous oxide, 198 
Dlbcnzjlchloreothylamine, 466 
Dibcnzylene, 466 
Dibromovmyl alcohol, 322 
Djbucaine, 411 
properties, 432 
slough from, 424 
structure, 412 
tozicity, 433 

Oibutolme, structure, 445 
Dichloracetylene 
from tnchlorcthylene, 314 
Dichlorcyclopropane, 264 
Dichloiethane, 308 
Dichloretbylene, 312 
Dichlormcthanc, 305 
Dicodid, 355 
structure, 343 
DicQumaioI, 041 



Index 


805 


Dielectric 
constant, 538 
substances, 538 
Diencephalon 

chemical mediators in, 469 
Dienes, 241 

Diethyl amides, as analeptics, 498 
Diffusion 
anoxia, 144 
cause of, 23 
coefBcient, 135 
for carbon dioxide, 135 
for oxygen, 135 
definition of, 11 
in liquids, 12 
in limg, 135 
in sohds, 12 
of afveofar gases, 192 
of gases, 20 
of liquids, 24 
of spinal fluid, 654 
rate of, 24 
respiration, 23, 135 
through membranes, 24 
through rubber, 131, 255 
through sohds, 131 
Difluorides, 314 
Dilijdro beta eiytliroidine 
structure, 478 

Dihydrocodeine, structure, 342 
Dihydrocodeinooe, properties, 335 
Dihydromorphine, 333, 354 
structure, 342 
Dihydromorphlnone 
structure, 342 
Diiodotrysine, 701 
Diisopropyiflurophosphate 
structure, 441 
Dilantin, 366 
Dilaudid, 354-355 
properties, 354 
structure, 342 
Dimethoisoquin, 411 
Dimethyl ether, 285, 286 
Dimethyl morpliine, structure, 342 
Dimethyl tubocurarine 
structure, 478 
Dinltrophenol 
uneouphng by, 582 
Diodal, 370 

Diodrast, clearance of, 672 
Dioiefines, 250 
Diols, 402 
Dionine, 343 
structure, 342 
Diothane, 410 
Dioxanes, 466 
Diphenylcarbinol, 402 


Dipbenylmethanes, stiuctute, 397 
D^hosphopyridine, nucleotide, 706-707 
Dipole molecules, 221 
Dipole moments, 221 

relation to magnetism, 221 
Diquatemary compounds 
potency of, 479 
Disodium succinate 
diuretic effect, 509 
Dispersed phase, 564 
Dispersion medium, 565 
Distillation 

fractional, 229, 739 
steam, 739 
\acuum, 3S5 

Distribution coefficient, 137 
of ether, 137 
of cAforoform, i57 
of cyclopropane, 137 
of ethylene, 137 
Disulfuram, 270, 710 
Diuresis 

caused by urea, 634 
effect on drug elimination, 732 
from alcohol, 271 
Divinyl ether 
flammability, 526 
impurities, 297 
m tissues, 297 
reactivity, 297 
stabili^, 296 
stabilization, 296 
Division of Biologies Control, 512 
DOCA, 698 
Oolantin, 357 
Dolitrone, 336, 380 
properties, 391 
structure, 389 

Donoan equilibrium, 53, 398 
Donnan's Law, 396 
DOPA, 458 
Dorico, 373 
Donden, 3S9, 507 
Doriol, 443 
Ooiraiol, 326 
Donnisoa, 268, 274 
uses, 274 
Donnytal, 372 
Dorsacaine, 408 

Dose, drugs, ects on detoxification, 731 
Double salt, 747 
DPN. 708 

Dragendorff’s Reagent, 334 
Draper, 135 
Dririte, 269 
Dromoran, 345 
properties, 356 
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Dropper vaporizer 
diagram of, 78 
Drug {also see Drugs) 
antagonism 

by thyroid hotmoncs, 701 

ti^es, 495 
antjclio]inergic, 445 
chemistry, evolution of, 235 
cholinolytic, 445 
non-volatile, 239 
Drugs 

acetylation of, 707 
action of, 235 
activity of, 720 
agencies to standardize, 51 
anestlictic, 2-17 
anti-tliyroid, 701 
assay of, 513 

autonomic (Cliap. 22), 438 

binding by proteins, 840 

bonding by Van der Waals forces, 237 

consumer, contamination by. 511 

contamination of, 510 

depressant, 240 

defection of, 740 

disappearance from subaracliooid space, 054 

duration of action, 239 

elTectiveness versus potency, 239 

effects on brain. 721-22 

elumnation from spinal fiuid, 655 

elimination of non'reactive, 732 

enzyme action and, 693 

excretion into colon, 736 

excretion Into urine, 678 

excretion of, 736 

fate of non-reactive, 732 

Federal Control of, 512 

generic names, 511 

Inactivation, 732 

in spinal fluid, 651 

in tissues, 736 

jntiatliecally, 651 

lipophilic, 401 

local anesthetic (Chap. 21), 398 

metaboLc fate, 725-33 

non-volatjle, 247, 329, 387 

official, 511 

parasympathetic, 445 

passage from subarachnoid space, 650 

poletvcy of, 239 

proprietary names, 511 

protein binding and, 640 

purity of, 510 

receptors for, 238 

regulatory agencies for, 511 

stabilizers in, 510 

storage in bpids, 737 

sulpha. 336 


Drugs— continued 
btrallon in vivo, 496 
tolerance to, 731 
vasopressors intralhecally. 655 
volaltle, 247, 387 
absorption of, 140-144 
elimination, 140-144 
Drunkometers, 272 

J-tubocurarine, 480-87 {also see Tubocurarine) 
structure, 478 
Dust 

from Daralyme, 163 
from soda lime, 159 
in air, 185 

Dyclofie, 437 {also see Dyclonine) 
structure 
Dyclonine 
properties, 437 
structure, 412 
Dynes, 242 

E 

E and J, flowTnelers on, 99 
Ear oximeter, 192 
Eastwood, 122 
Eegonine, 283, 404 
Eddy currents, 35 
Edema 
cerebral, 658 
pulmonary, 124, 198 
Edroptionium, 483 
structure. 441 
E-E G . 580-58$ 

Effbcaine, 426 
Einstein, equation, 7-6 
EUm. J.. 162, 178 
Electrical anesthesi.x, 588-90 
Electricity 
current, 537 
static, 534 

Electrochemical senes, 747 
Electrodes 

Cbrk, to measure oxygen, 723 
Electroencqihalogram, 268 
patterns viitb anestbetits, 568 
Electroencephalograpli 
principles of, 580-588 
single diannel, 566 
Electrolysis, to prepare oxygen, 188 
Electrolyte, imbalance, 606 
Electrolytes (Chap. 29), 604 
during acidosis, 626 
in spinal fluid, 650 
in urine, 677 

Electromagnetic waves, 225 
Electromotive series, 154 
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Electron 
definition, 8 
orbits, 8 
shells, 8 
weight of, 8 

Electronic attraction, 534 
Electrons 
in earth, 542 
orbital shifting of, 224 
rate of flow, 537 
sharing in carbon, 240 
transfer of, 576-577 
valence, 8, 9 
Electrophoresis. 638 
paper, 518 
Elecboscope, 530 
Element, definition, 7 
Elements, 7 
inert, 9 

transmutation, 7 

Elimination, of volatile anesthetics, 142-144 
Eluent, 229 

Emboli, air, 146, 148 (obo see air emboli) 
Embutal, 372 
Emivan, 504 
Emulsoids, 563 
Encephalography 
deep electrode, 587 
removal of air after, 146 
Endocrine glands, 694 
Endocrlnes, 693-702 
formation dunng hypothermia, 719 
Endogenous substances, 747 
Endothermic, definition of, 521 
Endotracheal cuS 
pressure exerted by, 130 
reduction of airway size by, 131 
sealing, efficiency of, 130 
types, 129 
Endotracheal cufis 
pressures in, 129 
pressures within, 129 
trauma from, 130 
Endotracheal tubes 
effect on resistance, 124 
End-plate, 471-474 

concentration of relaxants in, 481 
electrical currents and, 484 
potential, 473 
End-point, 747 
chemical, 176 
ph)siological, 176 
Energy 

absorption of, 224 
activation, 525 
body, 756 
cohesion and, 10 
definition, 7 


Energy— continued 
electronic, 224 
for muscle contraction, 645 
free, 370 

from alcohol, 270 
from foods, 710 
from matter, 7 

from phosphate bonds, 580-582 
heat. 11 
in osmosis, 55 
in sparks, 541 
Idnetic, 8 
levels, 8 
of atoms, 224 

of resonating molecules, 238 
of molecules, 13 
potential, 8 
radiant, 224 
to analysis, 519 
release 

in transfilling, 66 
from atoms, 7 
from oxidation, 521 
rotational, 224 
transferred, 11 
types, 8 

vibrational, 224 
“Enol,” 279 
Enteramme, 469 
En^nne (else see Enzymes) 
of Warburg, 575 
yellow, 577 

Enzymes (Chap. 35), 577, 691, 719 
barbiturates and, S86 
classification of, 691 
denatured, 497 
effect of drugs on, 693, 719 
in detoxification, 383, 730 
m glucose metabolism, 644 
irreversible changes by drugs, 693 
mode of action, 496, 692, 719 
nomeoclahire, 691 
poisoning of, 693, 719 
protein nature of, 496 
reactivity of, 691, 719 
respiratory, 576, 579, 707 
suppressed activity of, 575, 719 
to aid detoxification, 669 
Erythroidine, structure of, 479 
Ephedrine, 463-65 

as epinephrine extender, 460 

chemistry, 463 

fate of, 464 

isomers of, 463-64 

local anesthetic effects, 464 

pseudo, 463 

salts, 461 
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Ephedrine— continued 
stabilUy, 464 
structure, 453 
Epilepsy, guanidine in, 037 
Epinephrine, 451, 457-463, 642 
acidosis and, 629 
assay of, 462 
difficulties in assay, 461 
effects on blood phosphates, 619 
effect on pliospbales, 618 
effects on potassium, 609 
enhancement of curare by, 483 
fate of, 439 
history, 458 
in tissues, 460 
inlrathecally, 651, 656 
oxidation of, 730 
oxidative deaminization, 460 
phenolic nature, 458 
physiologic opposite to acetylcholine, 495 
plasma levels, 401 
properties, 459, 462 
source, 458 
sterilization oF, 430 
tissue levcb of, 460 
Eplnlne, structure, 453 
Epoxy, 747 
bridge. 300, 449 
Epoxyethane, 300 
Equonil, 364, 396 
Er^uation 
Einstein, 7-8 

Henderson Hasselbacb, 625 
Nemst, 54 
Er|ui1ibrunn, 747 
gases in liquids, 30 
Equipment, electrical, 553 
explosion-proof, 553 
Ergonovine, 466 
Ergot, 4M 
alluloids, 466 

Eigotiopic system, 469, 590 
chlorpromazine, effects on, 470 
Eiythnna, 494 
Erythntol chloral, 327 
Eiytlirocyte 

carbonic anhydrase m, 633 
membrane penneability of, 623 
morphology and stnicture, 597—98 
osmotic pressure, 597 
Erythrocytes 
bromide ion in, 615 
calaum in, 610 
carnage of anesthetics by, 686 
chloride in, 614 
chloride shift, 623 
destruction of, 601 
fragility of, 598 


Eiyllirocytos-continued 
magnesium in, 612 
mobility of, 639 
potassium in, 608 

predominance of anestlietics In, 136 (see aho 
Blood cells) 

Eiythroidme, 494 
Eiylhrotjlon coca, 431 
Cserinc, 440, 483 
Ester, malonic, 366 
Esteractic site, 440 
Esterase, 691 
procaine, 421 
Esterases 

mode of action, 440 
Esters. 283, 284 
as local anesthetics, 403 
formation, 284 
Kydfolysts of, 284, 72S 
narcotic potency, 284 
of carbamic acid, 303 
of para-aminobenzoic acid, 405 
phosphoric acid, 617 
Ethane. 241, 250 
anesthetic properties of, 248 
from ethylene, 251 
hydroxy. 269 
Ethanoic acid, 2S3 
Ethanol, 266, 269 
chain, in acetylcholine, 441 
Ethapon, 320 
Elhcarbicol, 324 
Edichlorvisol, 324 
Etlienyl, 312 
Ether (cfn> see Ethers) 
absorption from isolated lung lobule, 147 
acidosis caused by, 629 
aads to absorb, 217 
adrenal hormones and, 700 
aldehydes in, 290 
all) I ethyl. 295 
allyl mediyl, 299 
alveolar tension, 52 
azeotropic mixtures, 316 
blood levels, 294 
hlood oxygen and, 602 
blood tensions of, 142 
by-product, 289 
colmic absorption of. 29 i 
contamination of, 291 
convulsions, 631 
causes, 631 
from, 631 
lipemla and, 6S9 
copper kettle for, 60 
cyclopropyl elh)l, 299 
xyclopropyl methyl, 299 
igxiloptopyl vinyl, 286 
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Ether (also see Ethers)— con/fnued 
cyprethylene, 300 
C)’propy!ene, 300 
dichloroethyl, 296 
distribution, 

coefBcient of, 137 
E.E.G. levels. 588 
effective range of vaporization, 76 
effects of so^ lime on, 133 
effect on thyroid, 702 
eluninalioa of, 142, 143, 144, 294 
ethyl vinyl, 298-299 
flammabOity, 294, 526 
halogenation, 2,90 
heat of vaporization of, 52 
history, 287 
impurities in, 292 
in blood, 136 
in drums, 292 
initial concentration, 142 
in Van Sly Ice apparatus, 214 
isopropenyl methyl, 599 
oxidation of, 290 
peroxides, 290 
preparation, 288 
preservation, 291 
properties, ^8 
quantitative estimation, 293 
reactivily, 289 
specific heat of, 47 
stability, 290 
storage, 291 
tests, 290 

thio compounds m, 290 
tnfijUQethylvinyl, 318 
triflurovinyl, 317 
uptake by fat, 683 
vaporization of, 71, 72, 73 
vapor pressure, 52 
vapor, speed of soiuid in, 217 
vapor tension of, 112 
Ethereal sulphates, 727 
Ethers 

alicycbc, 286 
abphatic, 285 
branched chain, 286 
cyclo aliphatic, 299 
cyclopropyl radical on, 286 
derivation, 286 
“double,” 300 
effects of hydroxylation, 286 
formation of, 245 
balogenation of, 286, 305 
history, 287 
nomenclature, 287 
oxidation of, 287 
poly. 301 

polyinerization of, 286 


Ethers— continued 
potency, 286 
reaction of, 287 
solution in rubber, 131 
thio, 245, 333 
types, 285 
unsrUorated, 285 
v'olatiL^', 286 
Ethobrome, 321 
Ethoheptazine, structure, 358 
Ethoxy ethane, 287 
Ethyl 

acetate, 284, 514 
alcobd 

as a stabilizer, 269 
distribution, 269 
elimination, 270 
for nerve block, 269 
oxidation of, 270, 272 
potency, 268 
properties, 269 
sovrce, 269 
sources, 269 
U^.P^ 273 
bromide, 815 
narcotic effects, 315 
properties, 315 
chloride, 305, 306,310*11 
distribution of, 311 
effects of soda lime on, 183 
fiammability, 311, 526 
narcotic potency, 311 
preparation, 307, 310 
properties, 311 
ether, 285 

morphine, structure, 342 
n-propyl ether, 295 
para aminobenzoate, 406 
peroxide, 291 
radical, 287 
sulphide, 292 

vinyl ether, effects of soda lime on, 184 
violet, 176 
Ethylene, 249-57 
analysis of, 213, 255 
anesthesia 

nitrogen washout for, 145 
detection of impurities, 253-55 
diffusibility through rubber, 131 
diffusion of, 22 
distribution coefficient, 137 
effects of soda lime on, 183 
elimination, 255 
flammability, 255-56, 526 
frmn alcohol. 251, 270 
from ethyl bromide, 251 
glycol, from ethylene, 252 
history, 249 
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Ethylene— con<in(icJ 
impurities, 253 
in tissues, 255 
liquefaction of, 252 
oxide, to sterilize, 430 
paramagnetism of, 222 
preparation, 251 
properties of, 252 
quenching by, 255 
quenching effects of, 532 
reactivity of, 252 
solubility, 252 
specifications for, 64 
stability, 253 
tests for, 252 
uses, 253 
Etoval, 370 

Euckraton properties, S07 
Eucaines, 405 
Eucoclal, 355 
Eucupine, 411 
Eudolat, 357 
EunarcOB, 372 
Evaporation 
cooling from, 73 
definition, 50 
heat of, 50 
of ancslhebcs, 72 
Evlpal, 373 
Evipan, 373 
Exhalation valve, 116 
position of, 116, 118 
Exothermic, 747 
definition, 521 
Expansion 

adiabaUc.27, 534,745 
gases, 12 

Explosion (sec aUo Explosions) 
definition, 521 
in closed tube, 524-23 
in open tube, 524 
Explosions 

conditions for, 522 
due to soda bme, 184 
effects of carbon dioxide on, 200 
expansile force, 530 
from adiabatic compression, 534 
hydrogen and, 205 
prevention, 549-55 
with helium. 202, 256, 530-531 
quenching agents, 530 
types. 523 

F 

933-F, 466 

Fabrics, conductivity of, 551 
F.A D.. 707 
Falicam, 412 


Fanu], 558 

Fahrenheit to Centigrade computation, 744 
Fat 

barbiturates in, 380 
in (issues, 683 
Fats (Chap. 34), 680 
neutral, 682 
rancid. 682 
storage by liver, 059 
Fatty acids, 680-81 
oxidation of, 581 
properties, 681 
unsaturated, 68 1 
Faulconcr, 74, 217 
E. E a, 586-89 
F.D A., gases and, 63 
Federal Trade Commission, 512 
Fermentation, 575 
as source of carbon dioxide, 199 
Fenicyantdes, to release oxygen, 210, 213 
Ferrous sulphate, 198 
Ferrofnagnet/sm, 220 
Fetal blood oxygen, 602 
Fibnn, 638. 641 
Fibnnogen, 638, 639 
Fibnnolysins, 639 
Ficics Law. 21. 131 
Field, magnetic, 231 
Field of force, 539 
Filling density, 69 
Filter 

To and Fro, deficiencies of, 183 
Filteis 
Adnani, 160 
circle, 151-184 

efiidency of for carbon dioxide, 163 
for carbon dioxide, 163 
To and Fro, 151-184 
Fwe 

definition, 521 
flash. 26. 555 
hazard 

during insuiUation, 115 

from open cone, 113 
Fission, 8 
defimhon, 7 

Fixed orifice flow meters, 87 
bach pressure in, 104 
Flaromabihty 
determination of, 528-30 
due to ether peroxide, 291 
ediylene-nitrous oxide, 256 
halogenation and, 305 
limits. 526 

of acetylene. 258. 526 
of dichloracetylene, 314 
of ethers, 257 
of ethylene. 255 
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Flammability— conffnucd 
of hydrocarbons, 249 
of nitrous oxide, 198 
of propylene, 257 
of trichlorethylene, S13 
oxygen concentration and, 527 
radius of, 550 
range of, 526-27 
Flammable 
definition, 521 
drugs, nature of, 521 
gases, storage of, 555 
Fl^e 
cool, 522 
front of, 524 
photometer, 519, 612 
propagating, 523 
static, 523 
Flash fire, 26, 555 
Flashpoint 
definition, 527 
of ether, 294 
Flavins, 70S 
Flaxedil, 478. 493-94 
Float 

disk type, 99 
in flow meten, 99 
inverted taper, 100 
spherical, 91 
Floats 
disk. 100 

In flow meten, 103 
Floors 

conductivity of, 543, 544 
filings in, 544 
grids in, 544 
Flow 

definition of, S3 
laminar, 34 
meter 
bobbin, 97 
bobbm type, 98 
Connell, 99 
Coxeter, 97 
fixed orifice, 87 
gauge type (diagram^, 97 
HeidbrhJc, 100 
“inside,” 92 
"inside” (diagram), 93 
McKesson, 101 
outside, 95 

pressure compensated, 105 
rotameter, 101, 102 
rotameter 1 )^ 6 , 101 
sight feed, 97 
types, 87 

uncompensated, 104 
Variable orifice, 89, 99 


Floxv— twnfinued 
meters 

accuracy of, 102 
bobbin type, 92 
calibration of, 93 
calibration, 94, 104 
coarse, 94 

constant, pressure type, 90 
definition, 87 
electrical, 87 
fine, 94 

fixed, pressure type, 88 
floats for, 103 
for o^gen, 94 
hydraulic, 92, 96 
inverted taper, 101 
magnetic, 87 
McKesson, 101 
outside (diagram), 95 
pressure compensated, 91, 104 
variable orifice, 88 
viscosity and, 46 
water, 88 

“wet,” humidification by, 86 
rate, 23, 33 
critical, 35, 124 
effects of pressure, 88 
influence of density, 89 
through variable onfice, 90 
rates, 87 

during inspiration, 113 
during insufflabon, 113 
iri TOtatmeter, 102 
steady, 34 
turbulent, 34 
Fluid balance 

role of plasma protein in, 639 
Fluid, intercellular, 591 
Fluid, interstitial, 591, 596 
Fluidity, 43 
Fluids 

body (Chap. 28), 591 
compartments, 591 
definition, 33 
intraceUular, 592 
shifts into cell, 591 
viscosity of, 41 

Fluonnatcd compounds, 315-319 
Fluorinabon, 305 

narcotic potency and, 316 
Fluorine, 302, 316 

electronegativity of, 316 
Fluoromeby 

to detect barbiturates, 385 
to detect local anesthetics. 428 
Fluotbane, 317-19 (also see Halothane) 
Flurocarbons, SlS-317 
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Fluromar, 317, 318-19 
properties, 316-19 
Flaiomeiei, 519 
Flurophosphatcs, 440 
Foam, 747 
Fog, 85 

clinical use of, 85 

Food and Drug Aclminisiration, 512 
Forces, Van der Waals, 16, 237 
Foregger, 92, 98, 152 
apparatus, valves in, 128 
Formaldehyde, 275 
Formates, from chloral, 327 
Formula, cmpcric, 242 
Freedom of motion, in molecules, 47 
Free energy, 570 
Frenquil, 397 
Freons, 316, 317 
Freund, 260 
Friction head, 36 
diagram, 42 
Fnctlon 
in fluids, 41 
internal, 41 
viscosity and, 41 
Frost bite, 717 
supercooled Ice and, 7 18 
Fructose, tolerance test, 661 
Fiigiwara reaction, 309 
for tnlene, 314 
Functional residual air 

effect on uptake of anesthetics, 137 
Fuonc acid, 410 
Furan. 244, 301 
Furans, 301 
Fusion, 8 
definition, 7 

G 

Galactose, tolerance test, 661 
Galenicals, 235 
Galium, 466 
GaHamine, 493 
molecular size, 481 
properhes, 493 
structure, 493 

Galvanometer, oscillating, 228 
GamiOa globulin, 638 
Ganglia 

acetylcholine effects on, 441 
autonomic, 466-67 
blockade of, 467 
potassium in, 608 
Gangliolytic drugs 
mode of action, 467 
Gangliolytic effect 

of ammonium derivatives, 467 


Gas (also sec Cases) 
analysis (Chap. 7), 207 
ahsorptiometric, 207 
by metJiod of densit)’, 218 
by combustion, 230 
calonmetric methods, 220 
chemical, 207 
collection of samples, 213 
tolonmetric raetliods, 207, 215 
comparison of chemical and physical methods, 
216 

conversion methods, 214 
disadvantages of physical methods, 216 
distillation of methods, 231 
expansion method. 218 
Faulconers sonic method, 217 
gravimetric, 207 
mfra-rcd techniques, 226 
isotopes for, 231 

manometne methods, 207, 212-214 
mass specfrograpli for, 231 
method of Shaw, et a! , 213^214 
of oxygen, J90 

Orciit and Seevers method, 213 
photometric methods, 225 
physical methods, 207, 215-234 
radunt energy methods, 224 
sonic methods, 217 
specific melliods, 220 
vjscosimetnc methods, 217, 218 
visual radiation for, 228 
lolumetnc methods. 207, 210-212 
with interferometer, 219 
analyzers, Liston>Beclcer, 227 
chromatograph, 
sensitivity of, 231 
to analyze ethylene, 255 
to detect chloroform, 309 
to determine nitrous oxide, 199 
to measure ether, 293 
chromatography, 229-30 
compressed, 69 
concentrations 
in lung, 132 

methixls of expressing, 132 
cyhnden, dangers from, 26 
equation for. 20 
ideal. 15, 24 
liquid interphase, 570 
partition, chromatography, 229 
real. IS, 24, 125 
solubiLty and temperature, 32 
sterdization, 430 
x-olume m solutions, 28 
washout, 118 
Caseous acidosis, 625 
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adsorption of, 204, 229 
alveolar, 134 

collapse and, 147 
during anesthesia, 628 
tensions of, 137 
ambient, 87 
analysis 
in tissues, 735 
(also see Gas analysis) 
of mixtures, 217 
analyzers of, 198 
compressed, 62 
compression in, 12 
compression, 13 
contamination of, 66 
cooling during expansion, 13, 218 
cooling of, 24 
cylmders for, 66 
density and flow meters, 88 
density of, 218 

designation of concentrations, 21S 
determination of punly, 230 
diffusion from, 193 
lung lobules, 185 
diffusion of, 20 
diffusion through rubber, 255 
elimination from tissues, 134 
emission of light by, 228 
escape from cylinders, 70 
expansion of, 13, 218 
flow in cannlster, 153 
flow rate of inspired, 114 
ideal, behavior in space, 24 
in blood, 136, 144 
index of refraction of, 219-20 
inert, 136, 144, 564 
insoluble, alveolar tensions of, 137 
insufflated, 114 
ionization of, 231 
bquefaction of, 17, 32 
liquefied, 69 
m cylmders, 70 
low density and diffusion, 131 
magnetic properties of, 220-22 
mean free path of, 13 
measure of volumes, 87 
mixing of, 21 

mixtures and solubility, 31 
movement into lungs, 134 
nitrogen, 193-195 
nitrous oxide, 193-195 
non-liquefiable, 69 
non*oxid]zable, storage, 72 
oxidizable and oil, 65 
paramagnetic properties, 220-22 
partial pressure of, 132 


Gases— continued 
piping systems, 554 
quenching effects of, 143 
rare, 1S5, 202, 564 
rarefied, 13 

real, behavior in space, 24 
regulatmg agencies for, 63 
sotubihty of, 26 y 

soluble, alveolar tensions of, 137 
specifications for, 64 
specific gravity of, 218 
graphic, 21 
static, 67 

storage areas for, 554 
storage of, 555 
combustible, 72 

temperature of in cannisters, 173-176 
thermal conductivity of, 530 
transport of, 136 

trapped, absorption from alveoli, 147 
ty^ causing alveolar collapse, 147 
viscosity of, 8, 218 
volume-temperature relations, 17 
xenon, 204 
Gauge 

Bourdon, 61, 62, 96 
pressure, 109 
Gauges 
pressure, 57 

Cay-Lussac’s Law, 16, 17 
graphic, 19 

Gelatin tolerance test, 661 
Gelatin, as cause of narcosis, 567 
Gem fluorides, 316 
Cemonil, 371 
Genera! Gas Law, 19 
Generic name, definition, 511 
Geneva system, 287 
Geoisomerism, 245 
Cenniddal action of chloretone, 3^ 
Gland, target, 698 
Glands, endocrine, 694-97 
Class ampules 

stenlization of, 656 
Glass, diffusion of helium through, 704 
Globulins, 599, 638, 639, 6i8 
alpha, 63S 

Glomerulus, structure of, 669 
Glow discharge, 228 
Glucagon, 645 
Glucose 

cellular oxidation of, 579 
chloialose from, 323 
effect on blood potassium, 609 
in spinal fluid, 650 
in urine, 643 
tests for, 643 
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Cliicose— conf/nuec? 
to male soJutfons liyperbaric, 653 
ublization by brain, 722 
Glucuronic acid, 321 
for detoxification, 727 
source of, 728 

Glutamine, as source of ammonia, 030 

Glutaiimides, 507 

Clutethimide 

properties, 390 (aho see Doriden) 
structures, 389, 500 
Glycerides, 681 
Glycerol, 267 

Gljcine, in detoxification, 727 
Glycogen, 642, 644-43 
in muscle, 645 
utilization by nene, 721 
Glycogenolysis, 645 
effects on potassium, 609 
Glycogenesis, 642, 644 
Glycolipids, 634 
Glycols. 207 
Glycosides, cardiac, 682 
Gonads, 702 
Gradient 
potential, $37 

pressure, 23, 133, 134 (also sec pressure 
ent) 

Graham’s Law, 21, 131 
helium and. 203 
Cram 
calorie, 40 

molecular volume, 18 
definition of, IS 
molecular weight, 18 
definition of, 19 
Granules 

soda lime, size of, 159 
Grey matter, 683 
oxygen utilization by, 722 
Croliman, 259 
Gross, 205 
Grounding 
chains for, 550 
of electrical devices, 553 
Croup (olso see Groups) 
alcohol, 244 
aldehyde, 244, 275 
ammo, 244 
aryl, 245 
carbozyl, 244 
chromophore, 387 
hydroxyl, 244 
hypnopbore, 387 
ketone, 244, 275 
polar, 387 
sulphydryb 335 
Ihiohc, 335 


Croup (also see Groups)— continued 
thionic, 335 
'tbionolhiolic, 335 
Groups, 242 (also see radicals) 
alkyl, 242 

hydroxyl in morphine, 343 
iroteric, 238 
polar, 564 

testing for specific, 517 
Guanidine, 637 

relabonship to epilepsy, 637 

H 

Hair’s reagent, 334 
Haldane apparatus, 208, 210 
for carbon dioxide analysis, 201 
Habde. 747 

HaloaUcanes, 245, 348, 302 
Halocaine, structure, 412 
Ilaloform, 308 
Ilalogenated acetals, 301 
llalogenated alcohols, 320-324 
detoxification of, 728 
llalogenated compxjunds, 302-328 
flammability of, 523 
llalogenated hydrocarbons, 306 
gradi* effects on liver, 663 
stability of, 300 
llalogenahoD 
effects of, 304 
flaminabiLty and, 305 
narcotic potency and, 305 
of alcohols, 304 
of aldehydes, 325 
of aromatic compounds, 301 
of hydrocarbons, 302-320 
of ketones, 304 
of melKatie, 305 
of unsaturated compounds, 304 
Halogens, 302 
addition products, 303 
addition to acetylene, 259 
addition to propylene, 257 
substitution by. 302 
Halohydnn, 304 
lUlothane. 306. 317-19 
azeotropic muxtures, 318 
copper kettle for, 80 
effects of soda lime on, 183 
e^cts on metals, 318 
potency of, 31& 
properties of, S17 
HamlAsrgec pKenomenoa, 623 
Hanger’s test, 663 
Hardness 

number of soda lime, 161 
of baralyme, 162 
Harris Solution, 237 
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Harrison Narcotic Act, 312 
Hazardous location, 547 
Head drop technique, for curare, 320 
Heart 

effect of magnesium on, 613 
effects of potassium on, 609 
Heat 

body, 714 
capacity, 46 
of copper, 79 
of water, 79 
conduction of, 11, 47 
conductivity 
of copper, 79 
of water, 79 
definition of, 11 

during carbon dioride absorption, 174 
from infra-red rays, 226 
latent, 51 

loss by evaporation, 715 
loss in cannisters, 176 
mechanical equivalent of, 46 
of combustion, 525 
of condensation, 50 
of dissociation, 747 
of evaporation, SO 
of formation, 747 
of solution, 174 
of vaporizatloa, SO, 72 
of carbon dioxide, 71 
temperature variations and, 52 
output during carbon dioxide absorption, 175 
output In cells, 581 
output of nerve, 721 
production, from metabolism, 710 
radiatian of, 714 

regulating center, anesthesia and, 714 
retention, 715-716 
effect of anesthesia inhalers, 715 
from absorption technique, 176 
specific, 47 
transfer of, 46 

Heavy hydrogen, uses, 7, 203 
Heavy metals 
detection of, 520 
identification, 520 
Hedonal, 364 

Heidbrink apparatus, valves in, 126 
Heidbrink flowmeters, 100 
Hehum, 202-203 
absorption of, 203 
from isolated lung lobule, 147 
as carrier gas, 229 
as quenching agent, 147 
atoms of, 11 

decreased respiratory effort by, 147 
diffusion of, 22, 131, 135 
distribution of, 202 


Helium— conf/nued 
effect on voice, 203 
for quenching, 202, 256, 530-31 
from hydrogen, 7 
from radium, 7 
beat conductivity of, 204 
in air, 185 

inhalations, role of viscosity in, 147 
lightness of, 203 
liquefaction of, 33 
mercury compounds of, 203 
oxygen mixture 
density of, 88, 147 
use of, 147 

paramagnetism of, 222 
properties, 203 
purification of, 202 
solidification of, 203 
solubility, 203 
specifications for, 64 
Helium -con turned 
therapeutic uses of, 203 
to prevent nitrogen narcosb, 146 
uses, 203 
viscosity of, 203 
Hematocnt, determination, 593 
Hemochiomogen, 576-599 
Heme, 599 
Hemodialysis, 678 
Hemoglobin, 598-602 
acidity of, 622 
acid nature of, 601 
assocbtion of oxygen with, 599 
carbon monoxide 215, 254, 601 
carriage of oxygen by, 599 
changes caused by dings, 600 
convenion to carbamino compound, 623 
destruction of, 601 
effect of nifntes on, 600 
estimadon of. 228 
excess o^gen and, 192 
fetal, 602 
identification, 69 
iron in, 169, 599 
molecular weight of, 599 
lulric-ozid^ combination with. 197, 602 
oxidation of, 607 
oxygen dissociation curve of, 600 
"pump,” 135 
role as a buffer, 622 
Hemolysis, in vivo, 598 
Hemophiba, cause of, 641 
Hemopbiloid states, 640 
Hempel pipette, 214 
Hemabn, 578 
Henderson, V. E., 248 
llasselbalch-equation, 625 
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Henry’s La«'. 26, 28. 200, 272 
graphic, 29 
vapors and, 52 
Heparin, distnbvrtion of, 641 
Hepatihs 
cWoioform, 635 
from anesthetics, 667 
Hepatoloxinty, 309, 60S, 687 
Heroin, 343 
properties of, 354 
structure of, 3J2 

Heterocyclic compounds, 331-332 
containing sulphur, 336 
Hcteroi^clic group, in alValolds, 331 
lIcteroc)'clic hypnotics. 387 
llexabiscorboclioline, 492-93 (fliso see Imbretil) 
stnicture, 478 
HexacUorethane, 303 
He'cafluonde, solubility ofi 203 
Heramethonium, 475 
properties, 468 
Hwane, 241 
Hexenai, 373 
Hexethal. 371 
Ilevcton, 504 
Hexobarbita], 373 
Hexylcaine 
properties of, 436 
stnicture of, 405 
Hibernation, 717 
'•artificial.'' 717 
High energy bonds, 580 
Hippurlc acid test, for liver, 662 
Histamine 
bund, 485 

from mast cells, 485 
release by rcla-xants, 485 
stores, 4S5 
Holocaine, 412 
Homatropine, 450-451 
methyl bromide, 451 
methyl nitrate, 451 
Homocamfin, 506 
Ilonnone 

Adrenocorticotropic, 695-G99 
anti-diuretic, 669, 676, 695-96 
Hormones (Chap. 351, 0^1 
adrenal, 607 

controlling blood sugar, 642 
definition of, 694 
gastrointestinal, 702 
gonadal, 702 
of adrenal, 696-700 
of anterior lobe of pituitary, 694 
posfenor pituitary, 695 
synthesis of by pituitary, 695 
to control sodium lexds, 607 
S-HT, 469 


Humidification, S4 
methods of, 85 
of operating rooms, 547 
to aid carbon dioxide absorption, 168 
Humidifiers, 85 
bubble, 80 
Humidity 
absolute, 82 
determination 

by absorption by acids, 83 
by freezing, 83 
by wet-dry bulb, 83 
with cobalt salts, 84 
measurement of, 82 
rebbve, 82 

Humoral agents, central, 590 
Hyaluronidase 

with local anesthetics, 425 
Hybrid molecules, 238 
Hydantoin 
diphenyl, 366 
phenyl ethyl, 366 
Hydantoins, 366 
Hydrates, 747 
Hydration 
of colloids, 567 
water of, 750 
Hydrazine, 277 
Hydrides, 205 
of sulphur, 336 

Hydrobromic acid, in Avertin, 323 
Hydrocarbons, 248, 265 
aliphatic, 248 
analysis of, 214 
anesthetic effects of, 241, 248 
carcenogenie, 652 
diromatography for detection, 230 
conversion to alcohol, 268 
•'cracking" of, 251 
cyclic, potency of, 249 
definitloa of, 241 
fate of, 726 
fluonnated, 555 
balogenated, 248 
hydrogenation of. 242 
hydrophobic, natures, 240 
inertness of, 249 
Iipoid solubility of, 249 
lipo^iliC nature of, 240 
nomeixilature of, 241 
physiological effects of, 249 
reactivity of, 248 
saturated, 211 
solution m rubber, 131 
structure and potency, 249 
table, 250 

unsaturated, 241. 249 
volatiittyof, 248 
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H)drocortisone, 69&-97 
Hydrogen, 205-206 
acceptor, 376 
activity, 205 
bonding by, 584 
bonds, 237 
buoyancy, 205 
chloride, ionization, 206 
diffusion through rubber, I3I 
donator, 576 

flame from chromatograph, 230 

flammability of, 198 

flow rate of, 89 

heavy, 7, 205 

history, 203 

m air, 185 

ion, 206 

loss with chlonde, 615 
passage into red cell of, 623 
suppression in blood by buffers, 623 
isotopes, 7, 0, 205 
oridatlon of, 205 
preparation of, 188 
properties of, 205 
structure of, 8 
of atom, 237 
sulphide. 163 
uses, 200 
Hydrolase, 691 
Hydrolysis 

during detoxification, 726, 747 
of salts, 621 
H)dromcler, 21, 514 
Hydrophilic properties 
of anticholmergic drugs, 443 
of amines, 330 
Hydroxides, 155 
Hjdroxizine, 397 
Hydrosy*alIyI morphinan, 345 
Hydroxaminobenzoates, 410 
Hydroxyamphetaniine, 465 
structure, 453 
Ilydroxybenzene, 267, 402 
Hydroxyl compounds 
local aneslhesia with, 401 
neiuolytic action, 403 
17-Hydroxjcortfcosteroids, 697-700 
Hydroxydione, 392 
structure of, 3S9 
5-Hydroxymdol acetic acid, 469 
Hydroxylamine, nitrous oxide from, 197 
Kydroxypregnandione, 392 
Hydroxyprocaine, 410 
meta, 410 
ortho, 410 
structure, 408 
Hydroxy-tetracaine, 410 
structure, 407 


S-Hydroxytrypamine, 454 
5-Hydroxytryptophan, serotonin from, 469 
Hydrometers 
continuous recording, 84 
Hygrometry, 82 
Hygroscopes, 747 
Hyoscyamine, 446 
Hyoscyamus niger, 446 
Ilypcrbanc solution, 653 
Hypercapnia, 168 
due to dead space, 183 
during anesthesia, 628 
effect on adrenals, 629 
potassium during, 610 
signs of, 628 

unabsorbed carbon dioxide and, 168 
Hypercarbia, 168 
Ilyperthemiia. 716 
Angers of, 716 
drug action, and, 719 

Hyperthyroidism, iodine metabolism in, 616 
Hyperto^c sohiUons 
effect on cerebrospinal fluid and, 648 
Hypertonicity, 56 
effects on tissues, 57 
Hyperventilation 
alkalosis from, 631 
blood chlorides during, 814 
effect on calcium, 612 
to remove carbon dioxide, 628 
Hypnone, 278 
Hypnophore group, 387 
Hypnotics 
aliphatic, 387 
halogvnated aliphatic, 268 
Hypoban'c soiufions, 632 
Hypocapnia 

anoxia due to, 724 
vasoconstriction from, 631 
Hypoglycemia, effect on brain, 721-22 
Hypohpemia, 687 
Hyponitrous acid, 196 
Hypoproteiaemia, 640 
Hypoprothrombinemia, 641 
Hypotension 

effects on intracranial pressure, 638 
effects on kidney, 676 
from adrenal insufficiency, 700 
liver function during, 635 
ffy-pothennia 

acidosis during, 630 
blood gases in, 32 
brain volume and, 633 
drag action and, 719 
effects on liver, 665 
effects on renal function, 676 
localized, 716 
metabolism during, 712 
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Hypothemia~continued 
methods during, 712 
methods of inducing, 717 
total body, 716 
Hypothermic aneslliesia 
methods of inducing, 717 
Hypothyroidism, iodine metabolism in, 616 
Hypotonic solutions, effect on cerebrospinal fluids, 
643 

Hypotonicity, 56 
effects on tissues, 57 

I 

r.C C, 63 

gas cyLnders control by, 06 
Ice 

electrical conductivity, 584 
formation by narcotics, 585 
Icteric indes, 662, 664-68 
Ignition sources, 533 
Ignibon temperature 
definition of, S27 
of ether, 294 
of vinyl etlier, 293 
spontaneous, 528 
Imbretil, 478, 492 
structure of, 492 
synthesis of, 492 
Imidazoline, 466 
Inude hydrogens, 367 
Impedance, of gas flows, 91 
Impulses 

transmission of parasympatlietic, 438-39 
transmission of sympathetic, 451 
Impurities (drug! 
from manufacture, 510 
from storage, 510 
Impunties 
in drugs, 25 
in ether. 292 
isolation of, 519 
Index, ol refraction, 219, 515 
Indian tobacco, 504 
Indicators 

definition of, 176 
universal, 322 
value of in soda Lme, 177 
Indole formahon, 332 
Induced charge, 539 
Indnctiori period 

effect of inhaled concentrations on, 141 
Induction, rate of, 141 
Inert gases 

analysis of, 231 
transport of, 136, 144 
Inert substances, anesthesia by, 562 
Infants, Sdal volume of, 114 


Infections anaerobic 
oxygen for, 1S9 
Inflammation 

rffectj of local anesthetics on, 415 
Infra-red absorption, 224 
Infra*retl analysis, of ether, 293 
Infra-red analyzers 
for carbon dioxide, 201 
Infra-red analyzers, 
detectors lor, 226 
types, 226 

Infusions, air emboli and, 148 
Inhalation therapy 
helium in. 203 
nitrogen washout for, 195 
Inhaler, semi-closed. 115 
to remove nitrogen, 148 
Cyprane, 76 
DuVe.7Q 

To and Fro for "washout," 1 13 
Inhalers 
closed, 119 

disposal of carbon dioxide from, 151 

essential feature of. 111 

heat loss and, 715-16 

requisites for. 111 

resistance in, 119 

semi-cIoscd, 154 

size of, 118 

source of water in, 160 
types. Ill 
Inhibition 
competitive, 495 
non-compctitive, 495 
uncompeb'tixe, 497 
Injector 

in oxygen therapy, 40 
principle of, 39 
In^tol, 709 
in spinal fluid, 653 
to make solutions hyperbanC, 653 
Insufflation, 113 (also see Techniques} 
apnea from. 113 
nasal, 113 

of gases and vapors, 113 
orophaiyngeal, 113 
tracheal, 113 
Insufflation technique 
advantages, 125 
disadvantages, 115 
drawbacks, 113 
inadequacy of, In adults, 114 
in infants, 114 
rebreathing and, 115 
sub-oxygenation during, 115 
Insulin, ^2 

and oxidation of alcohol, 271 
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Intercoupler, 547 
Horton, 547 

Intercoupling, 542, 545-47 
wet toweling, 547 
Interface, 747 
Interferometer 

for Trilene determination, 314 
to determine nitrous oxide, 119 
Interferometry, 219 
InCerpIiase, gas liquid, S70 
Interstate Commerce Commission, 63 
transport of gases, 63 
Interstihal fluid 
bromides in, 616 
chloride in, 614 
volume, 591—596 
measurement of, 596 
Intestine 

elimination of anesthetics into, 136 
nitrogen in, 145 
Intocostrin, 488 
Intoxication, tests for, 272 
Intracalne, structure of, 409 
Intracranial pressure, 657-58 
effects on blood pressure, 658 
factors causing Increase, 658 
Intrathecal vasopressor, 655 
Intratracheal anesthesia 
effect on dead space, 182 
Intravenous oxygen, 149 
Inulin, clearance test, 671 
Iodide ion, detection of, 519 
Iodides, effects of, 616 
Iodine, 214, 302, 616-17 
addition to propylene, 257 
number, 682 
pentoxide 

to determine cyclopropane, 262 
to measure ether, 292 
to measure vinyl ether, 298 
train, 214 
for Trilene, 314 
to analyze alcohol, 271 
btration of, 214 
total body, 616 
lodofonn, from alcohol, 271 
lodium, 476 
Ion 

barium, 163 
bicarbonate, 623 
calcium, 641 
complex, 746 
cupric tetramine, 191 
exchange 

by neuromuscular blocking agents, 40 
in neuromuscular block, 480 
resins, 158 

hydrogen, buffering of, 622 


lon~conimued 
iodide, 616-17 
lactate, 619-20 
oxonium, 206 
Sulphate, 620 

Ionic bonding, drug action and, 236 
Ionization 
constant, 748 
effects on osmosis, 56 
of acids, 155 
of local auesthetics, 418 
of water, 208 
Ions 

as coenzymes, 692 
asymmetric distnbuUon of, 54 
balance of charges, 604 
beam of, 231 

blood, during acidosis, 628 
bromide, 615 
calcium, 6IM 
copper^mmonium, 191 
hydrogen, 205 
importance of charge, 605 
in body fluids, 594 
in neuromuseular block, 480 
in spinal fluid, 630 
interchangeabibty of (tissue), 605 
migration in ne^^•e, 398-99 
of metab, 604 

passage through cell membrane, 573 
phosphate, 617 
potassium, 604 
shift with water, 600 
sodium, 604 
testing for, 519 
Ipral, 370 

detection of, 520 
in hemoglobin, 189, 599 
storage by liver, 601 
to preserve ether, 291 
Ischemia, from endothracheal cuffs, 130 
Islets of Langerhass, 642 
Isoamyl hydrocupreine. 411 
Isobaric solutions, 652, 653 
Isobutane. 242. 250 

anesthetic properties, 248 
Isocaine, 407 
Iso compounds, 242 
Isoelectric point, 748 
of colloids, 563 
Isomerism, 242, 345-47 
branched chain, 242 
dstrans, 245 
geomehic, 245 
keto-enol, 246 
narcotic activity due to, 347 
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Isometism— continued 
optical, 245 
erf narcotics, 347 
spatial, 245 
stereo. 245 
structural, 245 
types, 215 
homers 

definition of, 243 
detro, 245 
levo, 245 

of ajnyl alcohol, 268 

optical, of sympathomimetic drugs, 451 

racemic, 245 

Isomethanc, structure, 361 
Isomytal, 372 
Isonal, 370 
Isonar, 372 
Isonipccaine, 357 
Isoporal, VZ 
Isopropylarterenol, 465 
Isopropyl cWondc, S12 
Isopropyl/iurophospliatc, 440 
uncompetitive action of, 496 
Isopropyl methyl ether, 295 
Isoprotemol structure, 453 
IsoguinoLne 

opium alkaloids from, 34 1 
structure. 344 

IsoterrS, physiological properties, 23S 
Isoterism, 23S 
Isotherm, 26 
adsorption, 569 
Isothermal 
graphs, 2S 
oxidation, 528 
processes, 28 
Isotonicity, 56 
Isotopes 
definition, 9 

for study of myoneural action, 480 
in gas analysis, 231 
of hydrogen, 205-206 
properties, 9 
proportions of, 10 
to study detoxification, 381 
to study relaxants, 480 
Tioprcl, structure, 453 
Itobarbital, 370 

J 

Jackson, Dennis, 15t, 312 
Janssen, 236 
Jones solution, 432, 654 
Joule, 46 

Joule-Kelvm Efi^ect. 24 


Joule-Tliomsen Effect, 24, 71, 185 
anesthesia and, 25 
J valve. 127, 129 

K 

Kfltharotneters, 216, 227 
Krause, end hulk of, 710 
Kelene, 311 
Kelvin scale, 17 
Kcmilhal, 373 
Keratin, 683 
Kerosene 

anestlietic effects of, 265 
discussion, 265-266 
poisoning from, 265 
Keto>licinidone structure, 358 
KetO'cnal fbmtx, of liarbitiirates, 307 
Ketone. 248 
bodies, 859, 66S-6S9 
postoperative, 689 
methyl ethyl, 270 
Ketones, 275-81 
cyclic, 505 
formation, 275 
during anesthesia, 631 
formation of, 244 
from alcohols, 268 
halogcnaled, 279, 325, 306 
narcotic, 276 
nomenclature. 270 
reactions of, 270 
symmetrical, 278 
Ihio, 335 
types, 278 
Kidney 

anesthesia and (Chap. 33), 669 
artiGcval, 676-79 
conservation of base. 624 
damage by drugs, 676 
excretion of phosphates, 623 
filtration of glucose by, 643 
fonnation of ammonia by, 636 
function during hypothermi.i, 710 
in toxicology, 736 
role in detoxification. 729 
Kilovolt, sas 
Kinases^ 693 
Ktocatne structure of, 405 
Koppanyi’s test, 384 
Krant^ 317 
liebs cycle, 581 
Kragh, 135 
apparatus, 712 
Krypton, 202, 205 
■n air. 185 

Kuenen absoiption cocfEcient, 31 
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L 

Lactates, 619 
Lactic acid, 619-20 
conversion to glycogen, 645 
in muscle, 645 
oxidation by cells, 578 
jDhysioIn^c impoitance, 1119 
to release carbon dioxide, 210 
Lactoflavins, 706 
Laminar flow, 34 
diagram, 35, 36 
resistance and, 121 
Lamps, in operating rooms, 554 
Langmuir, 149 
Larocaine, 407 
Latent heat, 51 
Laudexium, 494 
molecular size, 481 
structure of, 479 
Laudolissin, 479, 494 
Lavage 
gastric, 737 

Lavoisier, Antoine, 151, 158, 205 
Law 

Avogadro's, 17 
Boyle's, 13, 14 

Boyle’s-Van der Waals’ modification of, 15 

Charles’, 16, 17 

continuity, 34 

Dalton's 21, 131, 149 

diffusion, 21 

Flck’s, 21, 131 

Gay-Lussac, 16, 17 

general gas, 19 

Graham, 21, 131, 147 

Henry’s, 26 

behavior of carbon dioxide, 20o 
of mass action, 495 
of partial pressure, 21 
LeChateher’s, 719, 748 
Poiseuilie’s, 41 
Poisson’s, 25 
Richardson’s, 268 
solubility of gases, 26 
Laws 
gas, 13 

gas, in osmosis, 55 
Lawson, 249 
Leach, C, 295 

Leakage, in breathing valves, 128 
LeBrin Process, 188 
LeChatclier’s Law, 748 
Leptazole, 500 
Leptocurares, 481 
Leri tine 

properties, 360 
structure, 358 


Levalloiphan 
properties, 357 
structure, 345 
Levels, energy 
Levoarterenol, 458 
Lev'o, definition, 515 
Levoisomers, 245 
Levomepthmorphinan, 345 
Levomorphan, 347 
Levophan, 345 
Levophanol, properties, 356 
Lidocaine, 411 
hydrolysis of, 421 
properties, 435 
sterilization of, 430 
structure, 412 
Light 

bendiog of, 219 
effects on drugs, 322 
invisible, 225 
monochromalic-, 516 
plane polarized, 515 
speed of, 219 
ultra-violet, 225 
Lightning, 541 
Lignocaine, 411 
LiUie, theory of narcosis, 574 
Lilly nitrogen meter, 195, 228 
Lime, 156, IS? 

milk of, 156 
Limestone. 157 

to prepare carbon dioxide, 199 
Limits of flammability 
determination of, 258-330 
Linde air machine, 25 
Linde process, 1S6 
Lipases, 682 
Lipemia. 687 
Lipid (abo see Lipoids) 
constant einnent, 683 
metabolism, 688 
role of insulin, 688 
variable element, 683 
Upids (Chap. 34), 660 
classification, 680 
compound, 680 
conjugate, 680 
derived. 680 
in bloo^ 684 
penetration info cells, 573 
phospho, 660 
timple, 680 

solubility of carbon dioxide in, 200 
solubility of hrypton in, 202 
solubility of nitrogen in, 194 
solubilily of xenon in, 202 
storage of drugs in, 737 
solpho. 680 
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Lipids— continued 
transport of, 630 
types in nervous tissues, 684 
Vitamin A and, 703 
Vitamin E and, 70-4 
Vitamin K and, 705 
Lipoic acid, 709 
Lipogenous, 642 
Lipoid 

in cell membrane, 571 
solubility of barbiturates, 378 
Lipophilic 
definition of, 561 
drugs, 401 

blood solubility of, 136, 144 
properties, of anticholinergic drugs, 445 
Lipophobic group, 387 
Lipoproteins, 633 
Liquefaction, 584 
of nitrous ondc, 197 
Liquefied gases 
pressures of, 70 
Liquid air 

by Cbudo process, 186 
by Linde process, 186 
manufacture, ISS 
otj'geo from. 187 
properties, 165 
Liquid carbon dioxide, 200 
Liquid helium, 202 
Liquids 

compression of, 33 
definition of, S3 
diifussion of, 24 
gas solubility and, 30 
tension of, 27 
vapor pressure of, 68 
Liston-Becker 
Analyzer. 180, 227 
apparatus, 201 
Liston-Spinco 
Litluum hydroxide 

as carbon dioxide absorbent, 157 
Liver 

capacity to form urea, 637 
cholesterol in, 682 
damage by drugs, 667-68 
detoxification bj, 660 
detoxification of hormones by, 700 
detoxification of local anesdieties by, 420 
disease 

blood ammonia in, 636 
effect on proteins, 640 
urea in, 634 
drugs inciting, 660 
d)e excretion tests, 662 
effects of anesthesia, 664-668 


JAver— continued 

effeeb of halogenated hydrocarbons, 
667 

excretory functions, 659 
excretory power of, 661 
fat content during anesthesia, 680 
binctiofi 

acidosis and, 628 
cluriog hypothermia, 719 
effect of surgical operation, 663 
factors influencing, 660 
tests for, 660-661 
functions of (Chap 32), 639 
glycogen storage by, 660 
m toxicologicai analysis, 736 
hpid content, 6SS 
nutritional function, 660 
oxidation of alcohol in, 270 
role in clotting, 686-67 
role in detoxification, 729 
role in oxidation, 271 
secretion by, 659 
storage by, 660 
synthetic functions. 666 
types of function, 659 
Vitamin K and, 705 
Lobelanidine, 505 
Lobetanlne, 505 
Lobelia. 504 
infiata, 504 
LobeLdine, 504 
Lobetine, 504 
properties cd. 505 
Local anesthesia 
acidosis m, 630 
biochemical effects of, 415 
due to narcotics, 358 
topical agents from cliloral, 327 
xvifh cresolx, 402 
ivjth phenols, 402 
Loco] anesthetics (Chap 21), 39S 
absorption of, 420 
accumulation in nerve, 419 
adsorption of, 415 
alkaliiuzation of, 414 
antagonism to. 431 
basic structure of, 403 
benzoates, 404 
benzyl ali^ol. 281 
biological effects of, 415 
blood lex-els, 420 
bonding of, 416 
chemical nature of, 401 
coIoTunetnc tests for, 428 
combination of drugs, 431 
concentrated solutions, 424 
cxmjugatlon of, 421 
critical intraspinal level, 656 


305, 306. 
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Local anesthetics— confinued 
detoTificalion of, 420 
duration of action, 418 
effective concentration, 416 
effects of halogenation, 421 
effects of pH, 414, 418 
effects of tonicity, 423, 431 
effects on nerve fibers, 416 
effects on nerve metabolism, 417 
effects on nerves, 689 
effects on spinal cord, 556 
effects on tissues, 422 
fixing of, 417 

hepatic dysfunction and, 421 

hydrolysis of, 421 

hydrolysis of, 726 

identification of, 427-28 

inactivation by nerve, 419 

in inflamed areas, 415 

in spinal fluid, 652 

ionization of, 418 

latent period, 418 

lipid solubility, 403 

lipoid solubility, 415, 686 

hpophihc-hydrophillc properties, 401 

local toxin^, 424 

long lasting, 425-26, 690 

Meyer-Overton theory and, 564 

mode of action, 417 

narcosis by, 418 

nitrogen containing, 403 

Nodes of Ranvier and, 416 

nomenclature, 403 

non-enzymatic breakdo^vn, 421 

oily solutions of, 426 

ovei-Jappii^ actions of, 403 

Overton-Mejer rule and, 415 

penetration of, 419 

perineural concentrations, 417 

pH of. 414 

polar associaffon of, 415 
potentiation of, 430-31 
preparation of solutions, 428 
propylene gljcol and, 426 
reaction with metals, 424 
removal from nerve, 419 
salts of, 414 

selectivit)’ of action, 419 
similanty of alkaloids, 415 
solubihty and toxicity, 423 
solvents for, 426, 427 
standards for, 422 
slenlization of, 429 
structure acfivifj’ relations of, 413 
structure and toxicity, 424 
surface tension effects, 416 
sjTithetic nature of, 414 
systemic effects of, 403 


Local anesthetics— continued 
testing of, 422 

threshold concentration of, 417 
to mate solutions hyperbaric, 652 
vasoconstnetors for, 429 
with hyaluTonidase, 425 
Location, hazardous, 529 
Long, C., 287 

Long fasting anesthesia, local, 425 
Long lasting local anesthetics, 425-26 
Lorfan 

properties, 357 
structure, 345 
Exischinidt's number, 19 
Lotusate, 372 
L,S.D., 590 

Lubricant, nonflammable, 553 
Lucaine, 408 
structure, 409 
Luminal, 370 
Lung lobule 

absorption of etber from, 294 
absorption of nitrous oxide from, 197 
Lung, maldistribubon, 137 
and uptake of anesthetics, 137 
Lungs 

blood flow through, 138, 140 
diseases, effect on uptake of anesthetics, 139, 140 
elimination of anesthetics from, 136 
rupture of, by pressure, 150 
Lymph 

gas solubility in, 32 
spinal fluid as, 646 
Lj-sergic diethyl amide, 470 

M 

Macerate, 746 
Magath, 184 
Magnesia, milk of, 156 
Magoesium 

anesthesia with, 612-613 
antagonism by calcium, 484 
assay of. 612 
curaie-Iifce effects, 613 
defiaency of. 612 
effects OR relaxants, 484 
excess of, 612 
total body, 612 
5fagnetiC field 

deflection of ions by, 23l 
Magnetic suspectibility of gases, 220 
Magnetism, 219-222 
dipole movements and, 221 
Mallium, 370 

Malonlc acid, preparation of, 366 
Malonjl urea, 366 
Mandeiic acid, 450 
htanometer 
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Klanomelers, 58 
absolute, 60 
aneroid, 61, 62 
calibration of, 58 
capacitance, 22T 
closed. 59, 60 
for gas analysis, 207 
for measuring resistance, 120 
gauge type, 98 
open, 58, 59 
types, 58, 59 
U, 59, 94 
water, 58, 61 
Margin of siifety, 748 
of hydrocarbons, 249 
Mask, O.E.M , 127 
Masks 

cleansing of, 184 
dead space in, 112, 182 
gas, soda lime for, 158 
temperature in, 176 
Mass, 7 

action law, 495, 748 
spectrograph, 231 

spectrometer to detect nitrous oside, 190 
spectrum, 231 
Matter 

definition of, 7 
states of, 7 
Maxicauic, 409 
Mayer’s Reagent, 334 
McKesson apparatus 
valves in, 128 

McKesson flowmeter, 100-101 
htean free path, 12 
of solid, 13 
Mebatm, 896 
Mebral. 372 
Mecbolyl, 443 
Mecomc acid, 340 
Mecostrin, 488 
Medinal, 370 
■■Megger," 537 
photo of, 545 
Megimide, 508 
Megohm, 537 
Melaril, structure, 394 
Melting point, determination of, 513 
Membrane (also see Membranes) 
nerve, 400 
of cell, 571 
postjunctional, 471 
potential, 53, 54,472 
stabilization, 400 
Membranes 
diffusion through, 24 
living, 54, 131 


Membranes— continued 
non-living, 54, 131 
diffusion through, 131 
porosity of, 131 
permeability of, 52 
pores in, 53 
Xlenthol, 402 
Meperidine, 332 
allied compounds, 359 
anticholinergic effects, 357 
atropine-like effects, 357 
derivatives of, 359 
local effects of, 412 
properties, 357, 358, 359 
similarity to local anesthestics, 358 
similarity to morphine, 358 
structure of, 35S 
Mephancsln, 326, 402 
action, 471 

conjugation witli chloral, 322 
structure. 397 
Xlephentcramine, 453 
Mepivacaine, 411 
Meprobamate, 364 
action, 471 
properties, 396 
structure. 397 
Kleprylcaine, structure, 405 
Mercaptalbumui, 638 
Mercuric oxide 
as source of oxygen, 188 
Mercuiy 
acetylide, 259 
adhesion of, 10 
for gas analysis. 209 
vapor lamp, 227 
Mescaline, 470 
Mesh, definibon of, 159 
Meso, definition of, 517 
Mesoxyl urea, 366 
Meta-aminobenzoates, table, 409 
Meta-anunobenzoic acid, structure, 406 
Metabolic rate 
acceleration by thyroxin, 701 
Metabolism (Chap 36), 710 
cerebral, 721-22 
definitiou, 710 
during hypothermia, 718 
effects of premcdication, 713 
effects of steroids, 393 
hyper, 582 
of active cells, 580 
of carbohydrate, 612 
of lipids, 688 
of nervous tissues, 720-21 
of pbosphurans, 616-19 
of resting cells, 580 
Xfetabutethamine, structure, 409 
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Metabutoxycaine, 409 
Metabutoxyprocaine, 408 
Metahydroxyprocaine, 408 
Metal, definition of, 9 
Metalloporphyrin, 599 
Metals, 154 
alkali, 154 
alkaline earth, 154 
halothane and, S18 
Metamer, 748 
Metampbetamine 
stnichiie, 453 
Methacholine 
structure, 441 
Methadol, 361 
Methadone 
properties, 360 
structure, 361 
Methaform, 323 
Methamphetamlne, 507 
Methane, 250 
anesthetic effects of, 248 
fluoitnatlon of, 317 
from propane, 251 
halogecation of, 303 
halogenation of, 302, 306 
sulphonation of, 336 
sulphones of, 337-39 
Methanolc acid, 283 
Methanol, 266 
Methantalme 
gangliolytic effect, 467 
Methemoglobin 
formation, 601 
Methionine 
Methitural, 375 
Methods 

colorimetric, 519 
of analysis, physical, 216 
viscosimetric, 218 
Melhohexital, 373 
Methomorphinan 
properties, 357 
Methonium compounds 
gangliolytic, 477 
Methonium derivatives, 467, 477 
Methorbital, 371 
Methoxamine, 465 
structure, 453 
Methoxjfluorane, 317 
properties, 320 
Methoxyphen j lamine 
structure, 453 
Methjl acetylene, 259 
Methyl alcohol, potency, 268 
Methyl amino heptane, 452 
Methjlation, during detoxification, 728 
Mcthvl chloride. 302. 305. 305-307 


Methyl cyclohexanone. 506 
Methyl cyclopropane, 262-263, 280 
Methyl drhydromorphinone, 353 
structure, 342, 343 
Methylene blue, 579 
Methylene chloride, 302 
Methylene dichloride, 305 
Methyl ethyl ether, 285 
Methyl ethyl glutarimide, 507 
Methylguanido acetic acid, 635 
Methyl orange, 176 
Methyl paxa^amino benzoate, 405 
Melhylparafynol, 274 
Methylphenidate 
structure, 507, 508 

Methylphenidll acetate, 507 {also see Ritalin) 
Methylpropyl ether, 295 
Methyprylon 
properties, 389 
Metopon, 342, 353 
Metopiyl, 295 
Metrazol 

distribution of, 501 
late of, 501 
properties, 501 
synthesis of, 500 
Metric equivalents, 744 
Metropryl, 285 
Metubine. 478, 488 
Meyer-Overton Theory, 561 
aliphatic compounds and, 564 
Meyer, Victor, 197 
Micoren, 504 
Microfarad, 538 

Microphones, for gas analyzer, 211 
Microspirometer, 722 
Microspiromeliy, 578 
Micropose, 43 
Milliequivalent 
definition of, 604 
Millikan oximeter, 192 
Milhosmol, 606 
MiUipoise, 43 
Millon’s reagent, 383 
to detect curare, 489 
MiH wheel murmur, 148 
Miltown. 364. 396 
Mineral oil, 208 
solubibty of anesthetics in, 213 
&Iists, 39. 85 
clinical use, 85 
particle size of, 85 
Mitodwndria 
oxldatism by, 581, 582 
Mixtoies 
azeotropic, 318 

carbon dioxide and oxygen, 201 
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ML-ctures— CDn</nt<ed 

lieliiim anil oxygen, 203 
of halogenated derivahvci, 328 
Moisture 

absorpbon of, by soda lime, 159 
effects on pore space of soda lime, 167 
effects on vaporization of anestliefics. 74 
estimation of, soda lime, 161 
in Baralyme, 162 
m nitrous oxide, 197 
m soda lime, 159 
intragranular air space and, 1G7 
Ntolal heal tapaaty, 47 
definition, 48 

of quencbuig gases, 531-533 
quenthing and, 48 
Mole, defimtion, 18 
Molecular configuration 
planar, 236 

three dimensional, 236 
Molecular motion 
cessation, 17 
Molecular volume 
computation of, 584 
Molecular weight 
definition, 8 

narcotic potency and, 388 
Molecules 

absorption of light by, 226 
'Tsoat shape," 246 
bulk migration, 23 
"clxau'’ shape, 246 
collisions of, 12 
definition of, 7 
dibintegratian of, 523 
distance between, 12 
elemental, 11 
energy of, 13 
hybnd, 237 
monoatomic, 11 

absorption of light by, 220 
motion of, 10, 12 
movement in tubes, 43 

path of, 12 
planar, 246 
polar, 9 
polyatomic 

absorption of hght by, 220 
sliape of, 583 

side chain and drug activity, 239 
size, 12 

spatial arrangement, 240 
spatial configuration, 236 
\elocity of, 12 

Monammoxidase, in brain, 470 
Monitoring devices, 554 


Monobromemetbane, 315 
Monocaine, 407 
Monochlorcyclopropane, 264 
Monochlormethane, 302, 310 
Monochromometer, 519 
^^anflf!uor{dcs, 316 
Mood elevators, 507 

Aforpbinan 

derivatives of, 345 
^^OIpbin3ns, 356-3S7 
hfoiphine, 349-350 
codeine from, 352 
derivatives of, 343 
detoxification, 728 
excretion of, 351 
grouping on, 343 
in pantopon, 340 
in tissues, 351 
phenolic group in, 343 
properties of, 350 
radicals on, 244 
reactivity of, 349 
salts of, 350 
structure of, 342 
sjTjtlietic, 345 
tests for, 350 
^forphlno]ds, 339 
Morns, Lucien, 80 
Morton. W., 287 
Mosenthal test, 673 
Motion, freedom of, 47 
^fotion, molecular, 17 
Mucoprotems, 638 
Murexide test, 383 
Murmur, mill wheel, 148 
Muscarine, 441 
Muscle 

chlonde in, 614 

fibre, penetration of drugs into, 482 
initiation of contracture, 474 
production of paralysis of, 474 
reactions durmg contraction, &4S 
relaxants 

byphasic action of, 484 
carbons in, 478 
combinations of, 484 
conversion to amines of, 479 
effect of electrolytes on, 483 
effect of ions on, 484 
effect of temperature on, 483 
enhanced by anticholmesterase, 282 
histamine release by, 485 
in disturbed renal function, 484 
in tissues, 737 

penetration into fibres, 480, 485 
plasma level of, 481 
prolonged apneas by, 491 
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i\fusc?e— con</nneif 
lelaxants— continued 
sites of action, 471 
species variations and, 482 
Muscles 

anesthetics in, 563 
Mushroom valve, 127 
Mutarotation, 516 
.Viyoneural junction, drugs in, 737 
Mytolon 

organization of, 473-473 
N 

Naepaine, 407 
Nalline 

structure of, 343 
N-aliylnormorphine, 
structure, 343 

Nalorphine (alro see Nalline, N-aliylnormorphine) 
structure, 348 
Namuron, 371 
Naphazoline 
structure, 454 
Naphthaline, 331 
Naphthaquinone 
Vitamin K and, 703 
Naphthoates, 411 
Narcosis 

adsorption theory, 589 

asphyxia! theory, 575 

Baglioni’s theory, 575 

Bancroft’s theory, 566 

Benz’s theory, 586 

Beutner’s theory, 566 

change in permeability theory, 570-572 

colloidal theory, 566 

dehnition of, 560 

dehydration theory, 567 

due to nitrogen, 194 

electro, 589 

engine activity during, 693 
Featherstone and Wulfs Theory, 584 
Ferguson’s theory, 583 
lipoid theorj’, 561 
molecular basis of, 585 
Moore and Roaf theory, 574 
nitrogen, 146 

oxygen consumption during, 575 
oxygen deprivation theory, 575 
partial xalence theory, 596 
Pauling’s theory, 585 
prevention by nitrogen, 203 
Quastel’s theory, 575 
reversal by electricity, 509 
Siefntz’s theory of, 567 
Sugden’s parachoy theory, 584 
theories (Chap. 27). 560 
tissue respiration and, 579-580 


Natcosis-continued 

Traube, surface tension theory, 570 
imitarian concept, 560 
Van der Waals’ forces and, 584 
Verwom’s theory, 575 
viscosity and, 574 
WaAur^'s theoty, 575 
Narcotic, 339 

analgesics to potentiate local anesthetics, 430 
beitzmorphan series, 337 
phenyl groups in, 348 
potency, of barbiturates, 377 
quaternary carbon in, 344 
Narcotics, 416 

acetylcholine synthesis, 582 
antagonists for, 348, 357 
attachment to receptors, 374 
autonomic effects, 347 
bonding of, 347 
effects of ally) groups, 348 
effects on oxidation, 579 
electrophilic carbon of, 348 
emetic action of, 344 
essential groupings, 346 
importance of metJiyJ groups, 340 
isomers of, 347 
lipophibc action, 563 
local anesthetics activity of, 358 
local anesthetic effects, 403 
pipendme senes, 357. 358 
potency and structure, 344 
semi-synthetic, 345 
sten configurations, 347 
Narcylene, 258 
Nascent, defimtion of, 748 
National Fire Protection Association, 555 
National Formvhry, 511 
Nebuhzers 

flow meter calibrations and, 105 
Necrosis 

from non-isofonic substances, 57 
Needle valve 
hazards of, 105 
Negative pressure 

during diffusion respiration, 135 
in masks. 123 
Nembutal. 372 
Neon, 202 
Neonal, 370 
Neon, in air, 185 
Neopeotane, 250 
Neospiran, 503-504 
Neostigmine, 441 

attachment to cholinesterase, 496 
Neosynepbrine, 453, 456 
properties. 465 
Neolhesin, 433 
Nephron, 669 
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Neraval, 373 
Nervan, 370 
Nervanol, 360 
Nerve 

action potential of, 398 
alcohol degeneration of, 690 
blodi by electricity, 589 
block by conduction, 400 
conduction during hypothermia, 719 
conduction, eSects of cold on, 716 
degeneration of, 690 
depolariaatlon, 400 
eSccls of bromide on, 615 
fibre sire, effect of relaxants, 481 
fibres, types, 416 
beat output, 721-22 
impulse transmission, 400 
impubes, potassium and, 608 
bpid in, 583, 683 
metabolism of, 721 
physiology of, 398-401 
plasma membrane of, 398 
potassium m, 608 
regeneration of, 690 
repohnzation of, 400 
surgical section of, 690 
types of fibres, 690 
Nervous system 
autonomic, 438 
during hypothermia, 719 
effect on spinal fluid composition, 649-50 
Nervous tissues, metabolism, 720-21 
Nesacafne, 408, 410, 436 (also Chlarprocainel 
Neural transmission 
enhancement of blockade, 609 
Neufolemma, 416 
Neurolysis, 403, 427, 689 
Neurolytic agents, G90 
Neuromuscular activity 

role of magnesium, 484, 612 
role of potassium, 483, 608 
Ncuiomusculai block 
ion exchance in, 481 
Neuromuscular blocking agents 
types, 475 

Neuromuscular junction 
role of ions at, 483--484 
role of magnesium at, 484, 813 
Neuron, definition of, 471 
Neuropharmacology, 590 
Neurotoxicity 

of trichlorelhylene, 314 
Neutral fats, 681 
Neuttabzation 
definition of, 154 
heat of, 155, 174 
Neutron 
definition, 8 


New and Non-Official Drugs, 511 
NF.. 511 
N.F.P.A . 555 
Nbcin, 706 
Nicol prism, 515 
Nicotinamide, 503 
Nicotine 
actions of, 441 
byphasic action, 467 
gflngliolytic effect of, 467 
Nicotinic acid, 503, 706 
spinal fluid and, 64S 
Ni^t blindness 
Vitamin A and, 703 
N.I.H. 7519, 357 
Nikethamide, 503 
relation to nicotinic acid, 707 
Nisentii, 359 
structure, 358 
Nitric oxide. 193, 198 
combination with hemoglobin, 601 
detection of, 198 
impurity of nitrous oxide, J98 
paramagnetism of, 222, 223 
Nitrogen, 192-105, 363 
absorption from isolated lung lobule, 147 
absorption in obesity, 194 
activity of, 193 
air embolism and, 147 
alveolar tension, 133, 144 
analysis by chromatography, 231 
analysis of, 195, 210, 228 
blood, 144 

body desaturation of, 145 
carriage by blood. 136, 144 
contaminant of ethylene, 254 
contaminant of nitrous axide, 199 
dioxide 

paramagnetism of, 222, 223 
diffusion of, 22. 135 
elimination of, 144 
m ail, 185 
in alkaloids, 333 
in blood, 136, 144, 593 
in urea. 633 
in mine, 677 
liquid, 167 
metabolism and, 637 
meter, 195, 228 
movement in bronchi, 147 
narcosis. 146, 194 

prevention by helium, 203 
non-protein, 633 
oxides of, 193 
preparation of, 193 
properties of, 193 
protein, 633 

pulmonary refill time, 145 
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Nitrogen— continued 
quenching effects, 256 
replacement by helium, 203 
role in structure of drugs, 330 
solubility in lipids, 146 
speed of sound in, 217 
tissue, 144 
transport of, 144 
volatility of, 186 
washout, 142, 144 
from lungs, 118 
of, 144 

Nitrous oxide, 193-199 
absorption from isolated lung lobule, 147 
absorption of, 197 
analysis of, 215 

anesthesia, nitrogen washout for, 145 

blood levels at high altitudes, 132 

blood oxygen in, 602 

blood pH and, 629 

contents in cylinder, 69 

diffusion of, 22 

displacement of nitrogen by, 194 
E.E.G, patterns, 588 
effects of soda lime on, 183 
elimination of, 197 
flamability of, 198 
impurities, 197, 198 
inhalation under pressure, 149 
lethal quantities of, 150 
limit of contents, ^ 
liquefaction of, 197 
nitrogen elimination and, 118 
oxidation of, 108 
potency of, 150 
preparation of, 196 
pressure of, 71 
properties of, 195 
speed of sound in, 217 
solubility of, 198 
stability of, 196, 197 
storage of, 197 
under pressure, 150 
union svith hemoglobin, 602 
N-methyl barbiturates 
elimination of, 38l 
N.N.D., 512 
N.N.R., 512 
Nodes of Ranvier, 416 
Nodular, properties of, 389 
Nomenclature of organic compounds, 267 
Non-aliphatic compounds, 329 
Non-barbiturate h)-pnotics, 389-394 
Non-competitive inhibition, 496 
Non-conductors, nature of, 534 
Non-metal, definition of, 9 
Non-protein nitrogen 
aneslliesia and, 637 


Non-protein nUiogen— continued 
elected, 633 
fractions composing, 633 
in urine, 677 
Non-rebreathing, 115 
Non-volafile acids 
renal excretion of, 624 
Non-volatde drugs, 329 
acidosis and, 630 
distribution of, 732-733 
extraction from tissues, 740 
lipoid theory and, 564 
source, 329 
“Nor," 457 

adrenaline (see Norepinephrine) 
codeine, 353 

epinephrine, 451, 457—465 
central effects, 469 
effects on potassium, 609 
in bram, 590 
metabolism of, 460 
plasma levels, 462 
properties, 463-464 
structure, 433 
fednne, 483 
meperidine 
structure, 258 
Normal compounds, 242 
Novatruie, 451 
N P.13, 507 

N-substituted barbiturates, 367, 375 
Nuceotides, 577 
Numal. 370 
Number 

Avogadro’s, 17, 18 
atomic, 8 
hardness, 161 
Loschmidt’s, 19 
Numorphan, 355 
Nupercainal, 433 

Nupercaine, 141, 432 (also see Dibucauie) 
structure, 412 

o 

Obesi^ 

aeroembolism and, 147 
Obstruction 

from endotracheal cuffs, 130 
of bronchus, 147 
Occlusion, 748 
Octapeptides, 696 
Octin, 452 
O.E.M. Mast. 127 
Oenethyl, 452 
Official 

applied to drugs, 511 
Ohmeter, 537. 552 
Ohms. 537 
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Oil, mineral, 209 
Oils 

effect on nerve, 690 
effect on tissues, 426 
under pressure, 19S 
Oil-BIood coefRcient, of clh>lenc, 252 
Oil-Blood lalio, of ether, 294 
Oil-Water coefficient 
of local anesthetics, 415 
Oil-Water distribution 
of barbiturates, 378 
of pftialdcbjde, 280 
Oil-Water ratio 
dcfirulion of, 562 
of divinyl ether, 298 
of ether, 294 
of ethylene, 252 
of helium, 148 
of liydrocatbons, 249 
of nitrogen, 191 
of nitrous oxide, 196 
of propylene. 257 
of xenon, 204 
table of, 563 
Olefines, 241, 250 
halogenabon of, 305 
Omnopoo. 340 
One stage regulator, 110 
Omum compounds, 474 
Open cone anesthesia 
anoxia from, 74 
cooling of, 74 
drawbacks, 113 
fire hazard from, 113 
resistance tn, 119 
technique 

heat transfer in, 112 
tensions during, 112 
Open ether 
heat transfer in, 112 
Operating rooins 

anb-slatic precautions for, 542 
apparel in, 551 
humidification, 547 
ventilation of 
Opiates, 341 

narcotic action of, 344 
Opium, 339-342 
crude, 3-10 
granulated, 340 
powder, 340 
Opbca! acbvity 
determmation of, 515 
effect on Sympathomimetic activity, 457 
nature of, 515 
Optical isomerism, 245 
Orcutt, F., 193 


Organic acids 
nomenclature, 283 
to potentiate local anesthetics, 430 
Organic bases 

to potentiate local anesthetics, 430 
Organic compound, identification of, 517 
Organic compounds, nomenclature, 267 
Organic salts, nomenclature, 283 
Onfice 

definition of, 33 
diagram of, 34 
in fow meters, 94, 103 
Orifices 

in flosv meters, 91 
Orocaine, structure of. 405 
Oisat apparatus, 190, 208. 254 
for carbon dioxide analysis, 201 
Orsal-Henderson 
apparatus, 20S 
Ortal, 371 

Orthoaminobenzoales, 408 
table, 409 
Ortlioform, 405 
structure. 406 
Orthoxine, 453 
Osazones 

from aldehydes. 277 
Oscillators, sonic, 217 
Osmol, 605 
definition of, 56 
milli, 606 

relation to imlliequivalent, 606 
Osmolanty, 56 

effects of ionization, 605 
number of particles and, 605 
Osmometer, 55, 56 
Osmosis, 54 
effects of tonization, 56 
gas laws and, 54 
Osmotic pressure, 53, 54 
determinabon of, 54 
of colloids, 56 
of human cells, 57 
of tissues, 606 
plasma proteins and, 639 
spinal fluid and, 646 
Ostwald coefficient 
use of, 32 
Ouabain, 469 
“OvCTshoot,” 474 
Ovetton-Meyec Tlieory 
for local anesthetics, 415 
relation of uptake of anesthetics by fat, 6SS 
Oxalates 

anti-ooagulant effect of, 641 
Oxalazopmediones, 345 
Oxalic acid, 366 
Oxford vaporizer, 81 
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Oxidase, 691 
polyphenol, 578 
tyrosinase, 578 
Oxidases, 576, 578 
monophenol, 578 
Oxidation, 187 
aerobic, 515 
anaerobic, 575 
by-product of, 522 
definibon, 576 

difference from combustion, 531 
during detoxification, 726 
electronic changes during, 57^ 
in cells, 57&-77 
intracellular, 575 
isothermal, 528 
of carbon, 199 
of etlier, 291 
potential, 748 
reduction systems, 577 
relation to Vitamin E, 704 
slow, 525 

sodium succinate and, 509 
suppression by anesthetics, 375 
with iodine penloxlde, 214 
Oxidative phosphorylation, 582 
Oxide 

diethyl, 285 
diviny], 285 
Oxides 
alkene, 300 
alldnc, 300 
butylene, 300 
ethylene, 300 
loxxoatiaw of, 18T 
metallic, 158 
of nitrogen, 193 
organic, 245, 285 
propylene, SOO 
Oxidizable gases 
storage of, 553 
Oximes, 277 
Oximeter, ear, 192 
Oximetry, 192 
Oxone generator, 187 
Oxonium ion, 748 
Oxy compounds 
heterocyclic, SOI 
Oxygen 

absorption from isolated lung lobule, 147 

alveolar tension, 133 

analysis in presence of ether, 602 

analysis of, 1S9-I9I, 213, 22>-223 

analysis with Orsat, 210 

atomic number, 8 

basal requirements, 713 

bulk, 189 

capacity, 600 


Oi^’gen— continued 

carbon dioxide mixtures, 201 
carriage by blood, 136 
combination with hemoglobin, 599 
commercial, 189 
concentration in air, 132 


anesthesia and, 712 
by brain, 722 
by nerve, 721 , 

of, S73 f 

of brain, 721-7221 
content, 600 
in blood, 600 
debt of nerve, 721 
determination in bloou, ouu 
diffusion coefficient, 135 
diffusion into alveoli, 135 
diffusion of, 22 
diffusion through rubber, 131 
discovery of, 187 
dissociation curve, 600, 711 
dissolved in blood, 600, 711 
effects on cerebral blood fiow, 658 
emboli from, 149 
flow rate of, 89 
for aerobic infections, 144 
glow, 228 

helium mixtures, 203 
history of, 187 
in air, 185 
in alkaloids, 331 
m blood, 136 
m fetal blood, 602 
intravenous, 149 
laboratory preparation of, 188 
liquid, clinical use, 189 
liquid, loss by evaporation, 169 
local uliLzation of. 724 
manubicture of, 23 
medidnai, 189 
100% effect on blood, 189 
paramagnetic properties of, 190 
preparation of, 187 , 188 
pressure in cylinders, 70, 189 
properties of, 186 
reactivity of, 187 
similarity to sulphur, 330 
solubility, 30, 188 
spedGc heat of, 47 
specifications for, 64 
speed of sound in, 217 
storage. 189 

fusion in blood, 600, 601 
tension in fetal blood, 602 
tension in semi-cJosed inhaler, 117 
tension in tissues, 191 
tension of inhaled, 113 
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Oxygen— continued 
tension of, In open cone, 113 
thJo countcrpaits of, S35 
toxicity, 192 

transfer to tissues from air and blood, 134 
transport in blood, 189, 602 
uptake during bjpothermia, 718 
use of semi-closed inhaler for, 148 
U.S P., 189 

vililixatSon by cells, 578 
vasoconstricbon due to, 724 
viscosity, 88 
volablity of, 186 
Ovygenation 

increased pressure and, 141 
Oxyhemoglobin 
acidity of, 622 
role as baffer, 622 
O’cymorphone, 355 
structure, 342 
Oxyprocaine, 408, 410 
Oxypurines, 506 
Oxytocin, 695-699 
Ozone 

analysis of, 238 
atoms in, 11 
formaboH of, 187 
in air, 185 

ultra-violet absorption by, 228 

P 

Pdchycurares, 481 
Fain 

narcotics for, 339 
Paliniom, 371 
pancreas, 6ll 
pantopon, 340 
pantothenic acid, 707 
Papaver, somnifcram, 339 
Papavenne 
properties, 355 
structure, 344 

Paper chromatography, 518 
for barbiturates, 388 

Para-ajninobenxoatcs 

local anesthetic action of, 405 
Parachloralose, 328 
Parachor, 584 
Paracodeine 
structure, 342 
Paraethoxyanaline, 412 
Paraethoxybenzoates, 409 
table, 409 
Paraffines, 241 
Paraldehyde. 279-281 
detoxification of, 280 
flamabihty of, 280 
preparation of, 279 


Paraldeliyde-contimred 
reactivity of, 2S0 
stability of, 280 
texts for, 280 
Pjraldcliydes, 277 
alipliatic, 278 
potMicy of, 278 

Paramagnetic properties, of oxygen, 190 
Paramagnetism, 220-222 
Paramlnobenzoatcs, 405 
Paraminobenzoic acid 
structure, 406 
ParaiDOrphan, 353-354 
structure, 342, 353-354 
Parasympathetic action 
chemistry of, 438 
of acetylclioline, 439 
Parasympathetic activity 
of trophotropic sj stem, 469 
role of potassium id, 608 
Parasympathetic depression, 444 
Parasympathetic effects 
central, 590 

Parasympathetic stimulation 
during onesthesia, 443 
methi^ of causing. 443 
Parasympatholytic drugs, 441 
Parathormone, 611, 702 
Parathyroid glind, Oil, 702 
t^redcine 
structure. 453 
Parednnol 
structure, 463 
Path, mean, free, 12 
Pauling 

pnnciple, 217, 222-23 
m oxygen analysis, 189 
theory of narcosis, 585 
Pavalrine, structure, 445 
Peaking 

of soda lime, 170-173 
Pediatric anesthesia 
dead space and, 183 
open techniques for, 183 
Pellagra, 707 
Penthrane, 319. 320 
Pentaerythntol chloral, 327 
Peotalene tetrazole, 500-502 (see also Mefrazol) 
Fentamethonium. 468. 475 
Pentamethylene tetrazol, 500 
Pentane, 241 

anesthetic properties of, 250 
isomers of, 265 
Pentavalent atom 
in onium compounds, 476 
Pentimal. 373 
Pentobarbital, 372 
Peotothal, 333 
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Pentynol, 268, 274 
Peptides 

in vasopressin, 695 
Peptization, 565 
Percaine, 411 
Perchlorate 

to oxidize alcohol, 272 
Perchlorperazine 
structure, 394 
Percussion sparks, 533 
from ferrous metals, 551 
Perfusion 
of tissues 

uptake of anesthetics and, 139, 140, 141, 144 
pulmonary by blood, 138, 139, 140 
Perichlor, 327 
Peridocaine, 408 
structure, 409 
Periodic table, 203, 748 
Permanganates 
to test for alcohol. 272 
PermeabiLty 
of membranes, 131 
of rubber, 131, 235 
selective, 571 
PemostOQ, 371 
elimination of, 381 
Peroxidase, 578 
Peroxides 

as source of oxygeii, 187 
detection of, 292 
effect on flamability, 294 
ether, 183 

flamability of ether and, 291 
in ether, 290, 292 
of barium, 157 
oxygen from, 157 
Perphenazine 
structure, 394 
Pelrichloral, 327 
Petrolatum 
viscosity of, 45 
Pfieffer, 53 
pH 

derivation, 206 
effects on calcium, 611 
neutral point at various temperatures, 631 
of spinal fluid, 650 
of urine, 677 
Phanodom, 371 

Pharmaceutical Association (American), 512 
Pharmacologic apparatus, 493 
Pharmacopeia, 511 
Pharmacopeial Convention, 511 
Phase, 748 
Phemitone, 372 
Fhenacalne, 407, 41Q 
structure, 412 


Phenaglycodal, 397 
Fhenamizole, 508 
Phenathrene, 345 
in opium alkaloids 
structure, 344 
Phenazocine, 346 
properties, 357 
I^enobarbital, 370 
elimination, 381 
Phenobarbitonc, 370 
Phenol 

derivation of, 267 
Phenolic group 
in morphine, 343 
Phenolphthalein, 176 
Phenols 

detoxification of, 726 
esters of sulphuric acid, 620 
formation, 244 
local effects of, 402 
Phenothiazine, 336 
Phenothiazines, 395^97 
as local anesthetics, 403 
to cool the body, 717 
Phenozyethylamines, 466 
Phentolamine, 466 
Phenyblanine 
epinephrine from, 4S8 
Phenylalphnapthylamine, 296 
Phenylcarbamates, 410 
Phenylephrine, 456 
properties, 465 
structure, 453 
Phenylethanolamme 
structure, 453 
Phenylethylaminc 
structure, 453 
Phenylethylglutaramide 
structure, 389 
Phenyl groups 

importance in narcotics, 348 
Phenylhydrazine 

test for aldehydes, 323 
Phenylpropanolamine 
structure, 453 

Phatylpmpybaetkyhnaae, 433 
Phlogiston, 187 
Phosgene, 300 

from trichlorethylene, 184, 314 
Phosphatase 
compounds 

cellular energy and, 580-82 
relatioo to disease, 618 
Phosphatases, 616 
Hiosphate 

dirodium hydrogen, 617 
high energy bonds, 5S0 
ion 

detection of, 519 
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Phosphate— contfnu^il 
ion— continued 
identificabon, 519 
monosodiuni hydrogen, 617 
plasma level deviations, 618 
Phosphates 
acidosis and, 629 
calcium level and, 611 
clistnbution, C17 
hydrolysis of, 582 
m muscle contraction, 645 
m spinal fluid, 650 
renal cscrotion of, 61" 
roles as buffers, 621 
type, in body, 617 
Phosphatidcs, 617 
Phosphine, 259 
Phosphoniutn, 474 
Phosphoric acid esters 

anticholinesterase activity of, 483 
Phosphorous 
body, 617 

organic-uiorganic shifting, 617 
Vitamin V and, 704 
Phosphorylation, 560-5S2. 
effect of barbiturates on, 582 
uncoupling of, 582 
Photoelectno cells, 228 
Photometer, 519 
ffame, 510 
for gas analysis, 22S 
PItrenosin, 680 
Physostigmine, 483 
effects on procaine hydrolysis, 42L 
Pierotoxm, 502 
chemistry, 501 
metabolism, 502 
properties, 502 
source, 501 
use, 502 

Pierotoxinin, 502 
Pilocarpine, 441 
Pinacols, 279 
Pin index system, 67, 68 
Pm valve 

cross-section of, 106 
hazards of, 105 
Pipamazino 

structure of, 394 
Pipetidme 

formation, 332 
structure, 244, 358 

Piperocaine, 433-434 (also Metycaine) 
properties, 433 
structure, 405 
Pipette 

absorphon, 190 •' 

Hempel, 214 


Piping systems, 555 
Pitocin, 695-696 
Pittinger, C.. 205 
Pituitary 

carbohydrate metabolism and, 613 
gland 

hormones of, 694 
Intremediatc lobe. 696-700 
poslenor lobe, 695 
Pituitrin, C95 
assay of, 520 
effects on phosphates, 618 
units of, 520 
PL-icidyl, 324 
Plane, 749 
Plasma 

anesthetics m, 686 
barbiturates in, 624 
chlorides. 614-615 
destruction of drug* by, 383 
dialysis of, 638 
gas, solubility in, 32 
oxygen to, 187 
potassium levels of. 608 
proteins, 638-^41, 659 (oho see Proteins 
end DJood} 
binding by drugs. 640 
conceotration, 639 
drug sot bound to, 640 
effects by disease, 640 
formation of, 638-639 
nutritional role, 630 
role in detoxification, 729 
to potenhaie procaine, 431 
volume of, 593 
Plastic, for caunisten, 169 
Platelets 

role in clotting. 641 
serotonm in, 4 69 
Pneumotadiograph 
to measure resistance, 122 
Poilolotbermic state, 714 
Poise, 43, 517 
Poiseuille's Law, 41 
f^isoDing 

proccdufos for, 736-737 
role of lavage in, 736—737 
Poisons, classification of, 738 
Polarograph 

oxy^n determinations m tissue with, 722 
prmciples of, 722 
Polar group 

defimtion, 564, 568 
Polaiuniter, 515 
technique, 516 
Polariscope, 516 
Polarized b'ght, 515 
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Polar molecules 
hydrogen ion, effects on, 237 
Polarography, 191 
Polyethers, 278, 301 
Polyethylene glycol 
as a solvent, 426 
Polyhydric alcohols, 274 
Polymerization 
of aldehydes, 277 
of amylene, 257 
Polymorphism, 749 
Pontocaine, 435 {also see Tetracaine) 
structure, 407 
Poppy, opium, 339-340 
Pore space 

in soda lime, 167 
Porphyrin, 599, 601 
in hemoglobm, 189 
Positive pressure 
in masks, 123 
Positron, 749 
definition of, 8 

Postjunctional membrane, 471 
Potassium 
absorption of, 609 
adrenal and, 699 
antagonist to curare, 483 
as affected by blood potassium, 609 
chlorate, as source of oxygen, 188 
effects of diseases, 609 
enhancement of neural block by, 609 
hemoglobinate, 601 
hydroxide 

to absorb carbon dioxide, 201 
solubility of, 155 
hypercapnia and, 610 
m body, 607-608 
in myoneural membrane, 473 
in nerve, 398 
m respiratory acidosis, 610 
ions, effect an acetylcholine on, 444 
plasma levels in acidosis, 628 
renal excretion of, 608 
role in neuromuscular block in, 480 
shift from cell during acidosis, 629 
to potentiale procaine, 431 
vagal stimulation and, 60S 
Pot curare, 486 
Potency 

of anesthetics, 583 
of barbiturates, 377 
of drugs, 239 
of hydrocarbons, 248, 249 
versus effectiveness, 239 
Potential, 537 
vde.maxkaJhnv, AOO 
membrane, 472 


Potentials 
cortical, 268 
Potocin, 695-696 
Pravocaine, 408 
Praxamine 
structure, 412 
Prethcamid, 504 
Premedication 
effects on metabolism, 713 
Pressure (also see Pressures) 
absolute, 63 
atmospheric, 15, 61 
back, in floiv meters, 104 
eyfinefer, cfanger from high, 106 
definition of, 12 
effect on gas solubility, 27 
effects of temperature on, 17 
exerted by endotracheal cuffs, 129 
explosion from release of, 523 
expressing of, 15 

for compensated flow meters, 105 
gauges, 58, 61, 69 
gradient, 23, 133, 134 
for oxygen, 135 
of alveolar gases, 147 
hydrostatic, 592 
inhalation of gases under, 149 
mhaled gases at increased, 149 
intracranial, 657-658 
ineaxurement of, 58 
negative, 123 
definition of, 16 
in veins, 148 

of cerebrospinal fluid, 647 
of cylinders, 69 
of gases, 13 

of oxygen in cylinders, 189 
osmotic, 53, 54, 592, 608 
partial, 132 

of oxygen in blood, 188 
positive, 123 
definition, 16 
reduang valve, 106 
rupture of lungs from, 150 
service, 63, 69 
tambours for, 62 
units of, 58 
vapor, 31, 50 
xolume, graph, 13 
water vapor, 82 
Pressuien. 392 
Pressures 
balancing of, 107 
in cylinders, 109 
la measuring resistance, 120 
intracuff, 129 
Priestly, 187, 196 
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Primacalne, 410 
structute, 409 
Primary amines, 330 
Primary saturation, 194 
Prinadol, 357 
Principle, Pauling, 217 
PtUcoUne, 466 
Privine, 450 
Probarbital, 370 
Probarbitone, 370 
Procaine, 406, 433-^35 
amide, 40 8 
assay of, 42S 
as standard, 422 
base, effcuts on nerve, 427 
critical intrathecal level of, 645 
detoxiRcatinn of, 431 
esterase, 421 
hydrolysis of. 421, 439 
in spinal fluid, 652 
scries, table, 408 
structure of. 408 
tests for, 434 

to make solution hyperbaric, 053 
Process 

adiabatic, 25 
Isotheiraal. 26 
Froenaymes. 392 
Ftomazinc 
structure, 394 
Promethazine 
structure, 394 
Frominal, 372 
Pronarcon, 371, 372 
Pronestyl, 400 
Proof, rf alcohol, 269 
Propadrine, 453 
Propaesm, 405 
Propaltylonal. 371 
Piopandiols, 274 
structure, 397 
Propane, 241. 250 
Propanone, 279 
Proparacaine, 409 
Propoxycaine. 408 
Propyl alcohol 
potency, 268 

Propylene, 342, 250, 2o6— 357 
anesthetic effects of. 249 
anesthetic effects, 256, 257 
cardiac effects, 256 
convenion to cyclopropane, 256 
flamability, 526 
flamable range, 257 
glycol 

effect on nerve, 690 
solvent for drugs, 426 
isomers of, 249, 256 


PwpyleBc-contlnued 
o^de, 300 
preparation, 256 
properties, 257 
purity, 256 
reactivity, 257 
Ptopylhezednne, 454 
Propyl paraamlnobenzoate 
structure, 406 
I’rosonyl, 371 
Prosthebc group, 692 
Protanune 

anli'hepann effect, 641 
Protease, 691 
Protein (aUo see Proteins) 
binding of chloride by, 614 
binding of drugs by, 729 

influence of pH on, 380 
bound with calcium, 611 
coagulation 

ty local anesthetics, 416 
denatured 

as cause of air emboh. 149 
in cell membrane, 571 
in urine, 677 
Sotelos 

abooimal, due to liver disease, 663 
amino acids from, 635 
binding of barbiturates by, 380 
binding of drugs, 737 
effects on blood urea, 634 
function of, 639 
in spinal fluid, 656 
liver and, 666 
of cerebrospinal fluid, 649 
plasma, 594, 638-641 
role as buffer, 622 
saltmg out of, 638 
storage of, 639 
to potentiate drugs, 430 
Prothrombin, 641, 659 
fonnatJon of, 641 
tune, 662 

onestiiesia and, 667 
Vitamin fC and, 705 
Protinios, 205 
Protons 

definition of, 8 
transfer of, 206 

Pseudocholinesterase, 439 (oho see cholinesterase) 
distribution of, 491 
for detoxification, 730 
low plasma levels, 491 
types, 491 
P,S.P. Test, 670 
I^ycbotherapeutic agents, 470 
Ptomaines, 735 



Pulmonary collapse 
cause of, 193, 195 
due to helium, 204 
due to nitrous oxide, 197 
Pulmonary edema 

due to nitric oxide, 198 
from increased resistance, 127 
Pulmonary “washout," 118 
Pump, hemoglobin, 135 
Purines, 506 
in blood. 637 
Purity, standards of. 511 
Pycnometer, 514 
Pyrazole 

formation, 332 
Pyrexia 

ether convulsions and, 631 
Pj’ribenzamine 
effect on nerve, 427 
Pyridine, 331 
nucleotides, 577 
structure, 244 
Pyridoxal, 708 
^lidoxine, 707 
Pyrogallol 

to absorb oxygen, 210 
Pynole 

formation of, 832 
Pyruvate 

oxidation of, 579, 581 

Q 

Quastel, J. H., 5S9, 722 
Quaternary bases, 331, 445 
absorption of, 481, 487 
anticholinesterase activity, 440 
as neuromuscular blockers, 474 
binding of, 236 
dual action of, 476 
effect at myoneural membrane, 475 
ganglioljtic action, 467 
isoteres of, 238 
renal excretion of, 481 
salts of, 476 

uptake by receptors, 480 
Quartemization 
of narcotics, 348 
Quenching agents, 48 
carbon dioxide as, 200 
helium as, 203 
Quick's test, 662 
Quinine, 411 
action of, 471 
effect on nerve, 690 
muscle relaxing effect, 479 
Quinoline, 157, S3l 
formation, 332 
structure, 332 


Quotane, 411 
structure, 412 

R 

11239. 371 
Racemethmorphinan 
Racemic, deffnition of, 515 
Racemorphan, 345, 358 
Radiation 

from gas«, 228 
invisible, 228 
iion*visibIe, 226 
visible, 225 

Radical, 749 (also see Radicals) 
acyl. 283 
aldehyde, 275 
amyl, 242 
butyl, 242 
ethenyl, 242 
ethyl, 242 
isopropyl, 242, 243 
methyl, 242 
naphthyl, 244 
pentyl, 242 
piperidy], 244 
propenyl, 242, 243 
propyl, 242 
Radicals 
allcyl, 242 
deSoition of, 242 
from heterocyclic nuclei, 244 
Radiant energy 
for gas analysis, 224 
infra-red. 224 
types, 224 
x-ray, 225 
Radioactivity 
causes of. 10 
Radio-opaque materials 

disappearance from spinal fluid, 655 
Radium 

as source of helium, 202 
as source of lead, 202 
disiotegration, 7 
Ramsay, 202, 204 
Range of flamability 
deBnition of, 526 

effects of carbon dioxide on, 200 
Rare gases, 9, 202 
stafaiLty of, 202 
Rate, flow of fluids. 23 
Ratio, oil-water, 196 
au blood. 137. 142 
Raventos, 317 
Ravocaine, 408 
Rawolfia, 468 
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Ray 

cxtraorJinaiy, 515 
ordinaty, 515 
Reacfion 
Freund, 260 
Reactivity 
chemical, 8 
Reagent 

Toliens', 276, 280 
Van Sljke’s for oxygen, 191 
Reagents 

alkaloidal, 33J, 418, 5J8 
for manometne Von Slykc, 213 
forVanSlyke, 210-212 
to absorb cyclopropane, 210 
to absorb oxygen, 210 
Winkler, 190 

Real gases, compressibility, 33 
Rebreathing, 111, 115 
ebmination of, 111 
Receptor sites 
for drug, 238-230 
Receptors 
adrenergic, 451 
affinity of drugs for, 239 
for drugs, 235 
for narcotics, 847, 348 
Rectidcn, 371 
Rectify, 749 
Recton, 371 

Red cell, 597 (olio see eryllirocyte) 
Reducing valve, 106 
compensated, 108 
necessity for, 107 
principle of, 106-107 
nncoinpcnsatcd, 108 
Reducing valves, need for, 110 
Reduction 

during detoxilication, 726 
Reflexes, 52 
Refraction, 219 
Refracbve index, 515 
Befractometer, 219, 515 
Refrigerants, 317 
Refrigeration 

Joule-Thomsen cflfect and, 25 
Regeneration, 170-173 
color change during, 177 
of achvity, in Baralyme, 1G2 
Regclme, 468 
Regnault, method for 
determination of density, 218 
Regulators, 109 
lubricants for, 535 
Oils on, 555 
types, 110 
Relaxants 

compatibility with barbiturates, 487 


Relaxants— continued 
depobrfeing, 475 
effect of dehydration, 484 
effects on large muscle fibres, 482 
effects on red muscle, 482 
Ivotopcs to study, 480 
non-quaternaty, 479 
tissue distribution of, 481 
Relaxation 
muscle, 471 
Renal tdood flow 
detcrmmitwn of, 672 
Renal disease 
ammonia and, 636 
Renal function 
addosis and, 62S 
anesthesia and, 607 
effects of anesthesia, 674 
tests for, 670 
■* Renal threshold, 670 
for barbiturates, 382 
Renal tubules 
excretion by, 672 
Renin, 692 
RepohrizsUon 
potential during, 473 
Rcserpine 
action of. 470 
Residue 

determination of, 514 
Resins 

ion exchange, 158, 480 
vary I, 296 
Resistance, 559 
causes of. 36 
cerebrovascular, 141 
due to $oda lime. ISl 
effect of cannisfer, 181 
effects of tube diameter, 43 
electrical, 216 
of conductors, 537 
to breathing, II9 
additive effects, 124 
cocnpensation for, 124 
effect of cannister, 123 
effect of cannister shape. 123 
effect of endotracheal tubes, 124 
effect of respiratory rate, 123 
effect of soda lime, 122 
effect of tidal volume, 123 
effect of tubing, 122 
effect of valves. 122 
effort to overcome, ]24 
factors pretlisposmg to, 119 
from endotracheal cuffs, 130 
from open cone, 119 
lU-effeets of. 124 
In To and Fro, 122 
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Resistance— confinucd 
to breathing— continued 
measurement of, 120 
normal values, 122 

pneumotachograph for measuring, 122 
to flow, 36 
Resonance 

deGnition of, 237—238 
of hjbrid molecules, 231 
reactivity due to, 238 
Respiration 

diffusion, 23, 135 
effects of h) drocarbons on, 219 
effort on, role of helium in, 147 
of brain, 722 
Respiratory 

acidosis, 625-628 (also see Acidosis) 
enzymes 

effects of anesthetics on, 579 
obstruction 
helium for, 203 
uses of helium for, 203 
quotient, 710 
Idll’O 

basic types, 125 
disk, 125 

essential parts, 126 
mushroom, 125 
Saad, 125 
valves 

deficiencies of, 128 
durability, 128 
effects of position, 126, 127 
expiratory positive pressure type, 127 
in Cyprane mhaler, 129 
individual types, 126 
leakage, 128 
performance, 128 
transparency of housing, 129 
Reticuloendothelial cells 
production of bile by, 6S0 
Reticuloendothelial system 
formation of protein by, 639 
Reynold’s number, 124 
Rhodopsin, 703 
Riboflavin, 707 

Ricliardson's Law, 248, 268, 305 
application to halogens, 305 
Ricinoleic acid, 681 
Rieter apparatus, 509 
Ritalin, 507 (aUo see Melbjlphenidate) 
Robbins, B, 317 
Romilar, 357 

Roswell Park cannister, 179 
Rotameter, 101, 102 
advantages, 102 
construction, 102 


Rovenstine, E. A., 163, 167 
BQ. 

during hypothermia, 719 
of brain, 721-722 
of nerve, 721 
Rubber 

conductive, 550 
diffusion of gases through, 235 
diffusion of helium through, 204 
diffusion tluough, 131 
effects of aging on permeability, 131 
effects of temperature on diffusion of gases 
through, 131 
permeability of, 131 
solubility of gases in, 131 
RufGni 

end organs, 716 
Rutherford, D., 192 

s 

Saad valve, 127 
Sagatal, 372 
Saligmen, 402 
Salts 

acid reacting, 620 
basic reacting, 620 
hydrolysis of, 621 
ionization of, 620 
of local anesthetics, 414 
organic, 283 
Sanborn apparatus, 712 
Sandoptal, 370 
Saponification 
number, 682 
Saponin 

to hemolyze blood, 213 
Saturated vapor, 749 
Scale, absolute, 17 
Scheele. 151, 167 
Scheibler’s Reagent, 334 
Scholander 

apparatus, 190, 210 

to determine carbon dioridc, 201 
for blood axygec, 600 
Schwann, 151 
Scopuie tropate, 449 
Scopola Japonica, 446 
Scopolamine, 448 
action of, 441 
identification of, 449 
optical activity of, 449 
salts of, 449 
structure of, 449 
Scipoline, 448-^49 
Scurvy, 

Secobarbital, 373 
Seconal, 373, 738 
Secondary amines, 330 
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Secondary saturation, 194 
Secretions 
bromides in, 616 
Sedormid, 365 
Seevers, M H., 167, 198 
Selye, 699 
Semi-carbazone, 276 
Semi-closed inhaler 
carbon dioxide accumulation, 117 
circle type, 116 
dead space in, 112 
for denitrogenation, 146 
for pulmonary washout, 116 
non-rebreathing type, 115 
oxygen tensions in, 117 
To and Fro type, 116 

Semi-closed inhalers, 115 (also see Inhalers) 
heat loss and, 716 
Series 

activity, 154 
electromotive, 154 
homologous, 241 
Serotonin 

antagonism to, 470 
bound, 590 
distribution, 469 
failure to store, 470 
formation, 469 
from Indole, 469 

Inactivation by amine oxidase, 469 
m brain, 469, 590 
In platelets, 469 
in trophotfopie system, 469 
storage in tissues, 469 

Serum proteins, 640 {also sec Flasma proteins) 

Service preisure, 03, 69 

Shape, of cannisters, 181 

SVieW natron, 157 

Shock 

due to adrenal failure, 695, 698-700 
waves, 524 
Shoe tester, 552 
Side chain 

attachment to receptors, 239 
Sight feed flowmeter, 97 
Sigmodal, 371 
Silica 
gel, 229 

for dehydration, 223 
to adsorb gases, 204 
in soda lime, 159, 181 
Silicates 

to harden soda lime, 159 
Silver, heat of 
conductivity of, 47 
Silver, to detect aldehydes 
Simmers solution, S93 
Skeletal muscle relaxants, 471 


SIdn 

diffusion of hehum through, 204 
freezing of, 717 
oxygen in, 722 
Slak^ lime, 157 
Slough 

from local anesthetics, 425 
Stovaine, 404 
Snow, John, 151 
Soda lime, 116, 119. 158 
absorptive capacity of, 161 
absorption efficiency of, 167 
bartenocidal effects of, 184 
capacity for carbon dioxide, 177 
carbon dioxide from exhausted, 177 
catalytic action of, 184 
chloroform and, 310 
development of, 158 
dust from, 180 
effects of blending of, 181 
effects on divinyl ether, 297 
effMU on InchlotethyUne, 314 
effects upon anesthetics, 163 
efficiency of, 171, 177 
for anesthesia, 158, 159 
hardsiess detetmination of, 161 
hardness of, 159, 161 
heal from, 174-176 
high moisture, 159 
hisloiy of. 151-155 
Improvements, 172 
indicators in, 176 
low moisture, 159 
moisture in, 159 
porosi^ of, 177 
preservation of. 161, 162 
regeneration of activity, 170-173 
resistance caused by, ISl 
sizes of, 159 
size of, 161 

stability of nitrous oxide, 196 
terminal exhaustion of, 168 
tune efficiency of, 167 
U.S.P. specifications of, 160-161 
Sodasorb, 162 
Sodium 

adrenal control of, 699 
carbonate, 156, 172 
distnbutiDn, 606 
m tissues. 606 
effects of disease, 607 
effects on potassium level, 609 
effects on relaxants. 4S3 
ethoxldc, 270 
hormonal control of, 606 
hydroxide 

lonizabon of, 155 
solubility of, 155 
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Sodium— conf/nued 
ions 

in myonsural membrane, 473 
in tissues, 606 
peroxide 

oxygen from, 187 
to absorb carbon dioxide, 157 
"pump,” 399, 574 
renal excretion, 606 
silicate, 159 
succinate 

cellular oxidation, 509 
valence of, 9 
Solanaceae, 446 
Solidification, 584 

point, determination of, 513 
Solids 

diffusion through, 131 
Solubibty 

anesthetic in tissues, 139, 140, 144 
coefficient 

of cyclopropane, 261 
effects on narcotic activity, 388 
identification by, 518 
lipoid, of hydrocarbon, 249 
of gases in rubber, 131 
of oxygen, 188 
of xenon, 205 
product, 749 

Solution (aUo see Solutions) 
Badger, 191 
Benedict, 276 
Fehling, 278 
Haines, 276 
heat of, 157 
normal, 206 
Winkler, 190 
Solutions 

colloidal, 564-567 
hypertonic, 648 
hypobaric, 652 
hypotonic, 648 
isobaric, 652 
Sombulex, 373 
Somnal, 372 
Somniform, 328 
Sonaform, 371 
Sonbulal, 371 
Sonnalert, 373 
Sonneryl, 370 
Sopental, 372 
Sound 

speed of in gas analysis, 217 
speed of in helium, 204 
Spark 

formation of, 538 
Sparks, 533 

electrical versus flame, 530 


Sparks— continued 
energy of, 541 
nature of, 528 
percussion, 551 
size of, 541 
Specific gravity, 21 
definition, 21 
determination (gas), 21 
determination of, 21, 514 
Specific heat, 47 
of copper, 79 
of gases, 47 
of liquids, 47 
of water, 79 
Spectrograph, mass, 231 
Spectrophotom eters 
for gas analysis. 225 
Spectrum, 749 
infra-red, 225 
mass. 231 
ultra-violet, 225 
Sphingomyelin, 684 
Spinal 
anesthesia 

acidosis and, 630 
arachnoiditis, 656 
bacterial contamination in, 656 
blood oxygen and, 602 
blood oxygen dunng, 602 
changes in spinal fluid, 657 
effects on kidney, 676 
factors influencing. 654 
hyper and hypotonic solution for, 657 
liver function and, 665 
metabolism dunng, 713 
neurological sequelae of, 656 
systemic effects from local agent, 65S 
cord 

relaxants acting in, 471 
headache, 648 
fluid, chapter 

electrolytes in, 650 
lymphatic function of, 646 
resorption of, 646 
Spirobaibiturales 
properties, 374 
structure, 367 
Spirometers, 87 
Spiropentane, 250 
Spiro thiobarbiturates, 
structure. 367 
Spleen 

blood volume and, 593 
effects of anesthetics, 595 
Spring 

vibration of, 224 
StaU, 167 

Standard conditions, 17 
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Stass-Otto process, 740 
StaticaVor, 543 

Static electricity, 534 (also see Electricity) 
dissipation by carbon dioside, 200 
Static voltmeter, 538 
Status thymolyinpbalicus, 702 
Sterilization 
cliemical, 430 
of local anestlietics, 420 
Steroid hormones, 696-700 
Steroids 

affecting carbohydrate rnctaljojism, f542 
anesthetic properties, 392 
biochemical effects, 392 
Sterols, 682 
Stibesterol 

effects on brain, 393 
Stibonium, 476 
Stimulation 
physical. 509 
reflex, 509 

Stol^es. deflnilion, 44, 517 
Stova), 184 
Stream lines, 3S 
Stress 

effects on adrenals, 699-700 
Structure-activity 
of hypnotics, 387 
relations 

of analeptics. 497 
of antladrenergtc drugs, 466 
of anticholinergic drugs, 445 
of gangliolytic drugs, 467 
of neuromuscular blocking drugs, 477 
Strycluios, 486 
Suavitil. 397 
Sublimation, 740, 749 
Subneural space, 472 
Substance, definition, 7 
Substrato-enzjme complex, 497 
Succinic acid 
as analeptic, 500 
Socemyl choline, 48S)-91 
blood levels, 491 
effects of alkabes on, 491 
effects of temperature, 491 
effects of true cholinesterase on, 491 
history of, 489 
hydrolysis of, 490, 730, 737 
incompatibilities, 490 
molecular size, 481 
preparation, 490 
properties, 490 
stability, 490 
structure, 478 

Succinjl dicholine, 489--190 
Succinyl monocholme, 490 
Sucostrin, 489 


Sugars, metabolism of, 659 
Sulphonc, 336 
Sulphate ion 
detection of, 510 
idealiflcation, 519 
Sulphates. 337, 620 
blood calcium and, 611 
in plasma levels, 620 
Sulphide ion 
detection of, 520 
Sulphides 
identiBattion, 520 

to study carbon dioxide absorption, 163 
Sulphites, 337 
Sulplional, 337 
Sulphonc methanes, 337-339 
Sulphonlc acid, 336 
to make ether, 289 
Sulphonium, 476 
Sulphur 
body, 620 
compounds 
type In body, 620 
hei^uoride, 336 
properties, 310 
malkaloids, 331 
ivotensm due to, 238 
Sulphuric acid 
fuming, 261 
organ derivaties of, 336 
to absorb cy clopxopane, 210, 261 
to absorb hydrocarbons. 261 
to make ether, 283 
Sulphurous and 
derivatives of, 336 
Summers, F., 256 
Supercooling, 749 
Supraiemn (see Epmeplirme) 

Surfacaine, 409 
Surface tension. 569 
effects of barbiturates on, 378 
effects of local anesthebes on, 416 
effects of polar groups on, 570 
Surilal, 373 
Suspensoids, 563 
Suxethonium 
Structure of, 278 
Su'eat glands 

elunmalion of aneslhcbc by, 136 
Switches 

exposion proof, 553 
mercury, 554 
vapor proof, 554 
Sword, Bnan, 152 
Sympathebc activity 
chemical structure and, 433-577 
of eigotropie system, 469 
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Sj-mpalhelic effects 
central, 590 
Sympathetic receptors 
excitatory, 452 
inhibitory, 452 
SjTnpatholj-tic drugs, 465 
SjTnpalhomimetic activity 
from anesthesia, 461 
hyperglycemia during, 644 
Sjrnpathornimetic amines 
cardiac irritability of, 451 
effects of, 452 

SjTTipathomimetic compounds (also see Vasopres- 
sors) 

chemical types, 451 
Sympathomimetic drugs, 451 
basicity of, 451 
Sympocaine, structure, 408 
SjTicurine, 478, 492 
Synephrine, 456, 465 
structure, 453 
Syneresis, 749 
Synergism, 749 
Syntropan 
structure, 445 

T 

Table, periodic, 202 
Talbutal, 372 
TambouR 

pressure measuring, 62, 83 
Tautometism, 246 
of ketones, 279 
Tautomers, 279 
Tear gases, 279 
Technique 

for measuring resistance to breathing, 120-121 
insufflation, 113 (also see Insufflation technique) 
Techniques 
inhabtional, 112 
mask, 112 
Temanl 

structure, 394 
Temperature 
absolute, 11 
deBniUon, 11 
effects on gas pressure, 71 
electrical conduchvity and, 216 
gas solubility and, 32 
kindling, 40 
of gases, 16, 17 
optimal environmental, 716 
reaction rate and, 526 
Temperatures 
and pH, 631 

during adiabatic process, 26 
in masks, 176 


Tensilon, 441, 483 
Tension (also see Tensions) 
alveolar of gases, 133 
definition of, 215 
in liquids, 27 
oitygen, in tissues, 191 
surface, 569 
Tensions 
of gases 

detennination of, 133 
vapor, 72 
TEPP, 441 

Terminal membrane, 471 
Ternary compounds, 750 
Tertiaiy amines, 3-30 
Tests 

of liver function, 660-664 
of renal function (Chap. 33), 669 
Tetany 

from hyperventilation, 631 
role of magnesium, 612 
Tetracaine, 410 
assay of, 428 
in spinal fluid, 652, 656 
properties, 435 
structure, 407 

TetracWorefhylene, 314-315 
Tetrachlormethane, 305 
Tetraethylammonium, 467 
clilonde, 475 
Tetraethylpyrophosphafe 
structure, 441 
Tetrafiuromethane, 317 
Telnunethjlene, 2&4 
Tetraroles 
types, 495 
Telronal, 238 
niAM, 630 
Thebaine, 343 
structure, 342 
Theobromine, 306, 504 
Theophylline, 504, 506 
Theones of narcosis, 560 (also see Narcosis) 
classification of, 561 
Theory of narcosis 

uncoupling of oxidative phosphorylation, 580-582 
Therapeutic coefficient 
of local drugs, 422 
Thermal capacity, 47 
Thennal conductivity, 47 
in gas analysis, 216 
Thermistor, ^6 
Thermoanemeters, 87 
Thermocouple 

for chromatography, 230 
Thermocouples 

m gas analysis, 220 
Thermodynamic activity, 583 
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Thermometer 
gas, 226 
wet-dry bulb, 84 
Thcrmoirrctric equivalents, 744 
■niermopile, 226 
Thermos jugs 
to store oxygen, 189 
Thialbarbital, 373 
Thialbarbifone, 373 
Thiamine, 703 
anti-curare effects of, 708 
d^crency symptoms, 708 
Thiamjlal, 373 
Thiazine, 336 
Thioaldehydcs, 335 
Thioamides, 702 

Tbioliarbilutates (also see Barbiturates) 
elimination, 381 
properties, 375 
structure, S67 
synthesis, 276 
test lot, 383 

Thioderivatives, 335-338 j 
Thiodiazme 
structure, 394 
Thloetlianyl, 373 
Thioethers, 245, 335 
Thlogenal, 373 ' 

Thiolic group, 335 
Thloofc group, 335 
Thlonothlolic group, 335 
*niiopental, 373 
blood oxygen and, 602 
Brodie’s test, 385 
E.E G. levels, 588 
effects on liver, 660 
effects oa thyroid, 702 
elimination of, 381 
in tissues, 736 
Thiopentobarbital, 373 
Thioperazine 
structure, 391 
Thjophanum, 336 
TJiiophene, 244, 336 
Thio, prefix, 335 
Thiopropazate 
structure, 394 
Thiosecobarbital, 373 
Thiourea 

as a preservative, 433 
Thixotropy, 567 
Thorazine 

properties, 396 
Structure, 394 
Thorpe Tube, 99 
Three stage regulator, 110 
TTirombin, 641 
Hiromboplastic elements, 641 


Thuja, 506 
Thujonc, 585, 508 
Thynime, 366 
Tlq'inol Uirbidity test, 663 
Thymus 
glands, 702 

relation to adrenal, 702 
sudden death and, 702 
Thyroglobulifl, 701 
Thyroid 

function, 701—702 
effect of barbiturates on, 702 
gland 

catbohydrate metabolism and, 643 
hoimones in, 701-702 
Iodine in, 616 
iodine uptake of, 702 
metabolism and, 701 
Tbyroim, 701 
action of, 702 

antagonist to hypnotics, 701 
Thyroxine, 701 
Thyroxinln, 701 
^ Ti^} air 

" effect on uptake of volatile drugs, 137 
in ifffants, 114 
Tincttire, 750 
of opium. 340 
Tissue 

carbon dioxide, 724-725 
oxidation, thyroid function and, 701 
oxygen tension, 191 
Tissues 

adipose anesthetics in, 139, 140, 144 

alcohol In, 271 

analysis for drugs, 735 

blood Eow through, 685 

buffers in, 622 

coropositiim of nervous, 683 

desaluration after increased pressure, 146 

effects of local anesthetics, 423 

gases in, 132 

beat conduction of, 718 

ions ui, 604 

bpvds in, 563 

bpoid content and uptake of anesthetics, 139, 
140, 144 

nitrogen desaluration of, 194 
nitrogerv in, 194 
oxygen consumpbon of, 578 
oiygen In, 722, 723-724 
preparabon for analysis, 74 
solubility of hehum in, 203 
uptake of anesthetics by, 139, 140, 144 
ui«i in, 633 
watery, 736 
Titration {in vivo), 498 
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To and Fro cannister 
size of, 163 
To and Fro filler, 163 
dead space in, 182 
deficiencies of, 183 
efficiency of, 165 
heat in, 174-176 
To and Fro inhaler, 119 
Tocopherols, 704 
Tolerance, to drugs, 731 
Toberol, 326 
structure, 397 
Toluidine blue 
anti-heparin effects of, 641 
Tonicity 

of local anesthetics, 423 
Tonometer, 133 

Total base, 603, 627 (also see Base) 
defidt of, 627 
depletion by acids, 627 
excess of, 627 
Toxicity 
hepatic, 305 
of hydrocarbons, 249 
Toxicology (Chap. 38), 733 
anajjtic methods in, 740 
collection of specimens, 733 
of alkaloids, 334 
of chloral, 327 
scope of, 734 
Toximeter, 272 
Trachea 

cuff pressures on, 129 
trauma to by cuffs, 129 
trauma due to cuffs, 130 
Tranijuilirers, 364 
chemical types, 394 
classification, 393 
definition, 393 

Transaminase in hepatitis, 663 
Transcellular compartments 
definition of, 646 
TransGlling 
cylmden, 69 
Transformers 
isolation, 553 
Transfusions 

air embolism and, 148 
Transilhal, 373 
Trasentine 
structure, 445 
Traube 

theory of narcosis, 570 
Trauma 

thyroid function and, 701 
Travers, 204 
Tribasic, 730 


Tnbenzofuran 
structure, 344 
Triboelectric series, 534 
Tnbromacelaldehyde, 322, 328 
Tiibromethane, 315 

Tribromethanol, 320, S21-.323 (also see Avertin) 
amylene hydrate and, 274 
pr^aration, 32l 
properties, 321 
solubih^, 821 

Tricarboxylic acid cj’cle, 393 
Tn'chloracetaldehyde, 307, 325-327 (also see 
Chloral) 

Trichloracetic add, SOS 
Trichloracetone, 307 
Trichloracetylene, 314 
analysis of, 314 
Trichlorethane, 311-312 
Tnchlorelhanol, 305, 320-321 
from chloral, 726 
preparation, 320 
properties, 320 
stability, 321 

Trlchlorethylene, 312-314 
dichloracelylene from, Sl4 
effects of soda Ime on, 184 
formation of chloral, 326 
in tissues, 313 
metabolism of, 314, 326 
metabolism, 326 
neumtoxic effects, 184 
preparation, 313 
preservation of, 313 
properties, 313 
vaporization of, 72, 113 
Ttichlorisopropyl alcohol, 323 
Trichloromethane, 303 
Trienes, 241, 242 
Trifluroethjl vinyl ether, 518-319 
Trifluroperazine structure, 394 
Truodoacetaldehyde, 270 
Trilafon 

structure, 394 
Tnlene. 312 
Tnmar, 312 
Trimeprazine 
structure, 394 
Trimethaphan, 468 
Tmnethylcyclopropane, 251 
Trionol, 238 
Tripelennamine 

local anesthesia xvith, 404 
Triphosphopyridine nucleotide, 706-707 
Triqualemary compounds 
potency of, 479 
Tritrium, 9, 205 
Tronotbane 
structure, 412 
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Tropeines, 450 
Tiopliotropic centers 
effects of drugs, 470 
Trophotropic systems, 590, 469 
parasympatlitvc effects, 4G9 
Tropinetropate, 446 
True cholinesterase, 439 
Tube 

defirutlon, S3 
dugram of, 34 
molecular movemeol in, 43 
Tliorpe, 91 
Tubes 

cross section of, 34 
flow in, 44 
viscosity and, 41 
Tubings, breathing 
size of, 118 
Tubocurarinc, 334 
absorption of, 487 
bonding of, 236 
chemistry of, 480 
cumulative effects of, 488 
derivatives of. 488 
detection of, 489 
distnbuUon, 488 
duration of, 488 
effects, 488 
fate of, 488 

gangbolytic effect of, 467 
histamine release by 
methylation of, 488 
mode of administration of, 437 
nature of, 476 
properties, 487 
protein binding of, 488 
renal excretion of, 488 
replacement of methyl group in, 489 
solubilities, 487 
stabibty in tissues of, 481 
violet light absorption of, 489 
Tubular, reabsorptlon, 673 
Tubules, renal, 673 
Turbidometer, 514 
Tuibidimetry, 514 
Turbine 

action of rotameter, lOl, 102 
Turbulence 

in bronchi, 147 
Turbulent flow, 3-1 
and resistance, 121 
diagram, 55, 36 
Tutoeaine 
structure, 407 

Two stage regulator, 109, 110 
Tyndall effect, 666 

structure, 453 


Tyrosine, 45S 
iodination of, 702 

u 

iTltramScroscope, 566 
tfltran, 397 
Ultraviolet light 
for assay, 519 
in gas analysis, 227 
Unit, of drug, 520 
in Uossay, 520 
t/nsahirabon 
designation of, 24 1 
effects on nariosis, 569 
Uracil, 366 
Ural. 326 
Umlioe, 320 
Uralinm, 326 
Urea, 033-634 
clearance lest, 671-672 
diffusibdity of, 633 
formation of, 637 
from ammonia, 636 
hypnotic effects of, 301 
malonyl, 366 
mesoxyl, 366 
properties of, 364 
structure, 363 
Ureas 

substituted, 364, 365 
Urease. 691 
Ureides, 365 
cyclic, 366 
Urethane 
fate of. 364 
Urethanes. 364 
fate of, 361 
Unc add, 507, 634 
bound, 624 
Urine 

amino acids in, 635 
analysis for drug, 738 
compostbon, 669-670, 677-678 
corbcosleroids in, 700 
drugs in, 678 

false positive sugar by chloral, 327 
phosphates in, 618 
Vitamin C m, 708 
Urobilinogen 
in urine, 662 
Urochloralic acid, 327 
U,S.P.. Sll 

requirements for oxygen, 189 

V 

Vacoum 

distillalion, for barbiturates, 385 
effect on carbonates, 201 
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Valence 

definition, 9 
negative, 9 
positive, 9 
Valmid, 364 
Valve 

cracldng of, 25 
demand, 114, 115 
exhalation, 116 
e.xpiratoiy 

spring loaded, 127 
needle, 105 
non-rebreatliing, 138 
pin, 105, 106 
reducing, 106 
Valves 

cylinder, 63, 65, 66 
effect on dead space, 182 
freezing of, 197 
lubricants for, 65 
oil on, 65 

respiratory, 125-129 (also see Respiratory valve) 
Bailey, 127 
dislc, 127 
J. 127 

tnushroom, 127 
Neff, 127 
Saad. 127 

Van Bergman-Eilboldt Test, 661 
Van den Bergh Test, 661 
Van der Waal’s 
adsorption, 568 
forces, 416 

binding of drugs by, 237 
binding of narcotics by, 347 
bonding and, 16 
evaporation and, 50 
gases and, 15 
nature of, 584 
Vandid, 504 
VaniUie acid 
diethylamide, 504 
Van Slyke and Nedl apparatus, 212 
Van Slyke apparatus, 210, 212 
ether in blood, 293 
for blood oxygen, 600 
for nitrous oxide, 262 
to analyze ethylene, 255 
to analyze helium, 204 
to determine carbon dioxide, 201 
to determine cyclopropane, 262 
Van Slyke graph, 626 
Van Slyke Reagent 
for oxygen, 191 
Van’t Hoff, law of, 566 
Vapor 

density, 7S0 
fixed percentage, 73 


Vapor— continued 
isothermal of, 49 
liquefaction of, 48 
phase chromatography, 229 
pressure, 31, 50 
computation of, 317 
constant, 73 

effects of temperature, 72 
measurement, 72 
of amylene hydrate, 273 
of colloids, 566 
of water, 82, 85 
ratios of, 5S3 
temperature and, 51 
saturated, 49, 50, 84 
tension 

variations with open cone, 113 
water jacket for, 76 
Vaporization 
anesthetics and, 47 
cause of inconstancy, 75 
heat of, 50 
methods, 47, 74-80 
open, 112 
Vaporizer 

atomizer type, 80 
bubble type, 77, 78 
copper kettle, 79 
draw-over type, 74 
dropper type, 76 
Duke, 77 
Epstein type, 80 
high flow rates and, 79 
open drop, 73 
Oxford, 81 

temperature compensated, 74, 80 
“within jar” type, 74, 75, 77 
Vaporizers 

deficiencies of, 81 
dropper type, objections, 77, 78 
efficiency of, 72 
for liquid anesthetics, 72 
heaters for, 82 
heat transfer in, 73 
iheimally isolated, 73 
thermocompensators in, 76 
Vapors 

behavior of, 48 

cold from open cone, 113 

definition of, 48 , 

diffusion of, 135 

loss from open cone, 113 

metering of, 72 

reduction of oxygen tension by, 113 
solubility of, 52 
Variable orifice flow meter, 89 
Variable pressure difference flow meters, 87 
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Vascular system 
function of, 591 
Vasoconstiictois 
stetiliration of, 430 
Vasodilators, 452 
Vasopressin, 695-696 
Vasopressors, 451-465 
intrathecally, 655 
Vasoxyl, 433, 465 
Vegetable bases. 331 
Veins 

aspiration of air into, 148 
Venturi principle, 37 
in flow meters. 87 
Venturi tube 
principle, 30 
uses, 38 
Veronal, 370 
Versacaine, 408 
Vesperin 
structure, 394 
Viadnl 

properties, 392 
structure, 389 
Victor Meyer 

determination of density, 218 
Vinamar. 298 

\'inethene, 296 (alto see Divmyl oxide, Vinyl oxide. 
Vinyl fiber) 

Vinobarbltal, 372 
Vinyl alcohol, 295 
Vinyl chloride, 305, 306, 312 
Vinyl ether, 295-297 
analysis of, 214 
effects of soda lime on, IS3 
flamability, 298 
history, 297 
preparation, 296 
vaporization of, 113 
Vjnyl halides, 295 
Viosterol, 704 
Viscosimeter, 517 
deGnition of, 44 
Oshvald’s, 44 
Viscosity, 574 
absolute, 43 
capillary tubes aud, 46 
coefficient of, 45 
definition, 43 
determination, 517 
density and, 45 
density ratio, 124 
for air, 124 
effect on flow rates, 88 
fiosv rales and, 41 
foreign substances and, 46 
in flow meters, 103 
in rotameters, 102 


ViscosHy-contlmied 
kinematic, 44 
measurement of, 43 
momentum and, 1 
of emulsoids, 565 
of gases, 44 
orifices and, 46 
relative, 43 

Reynold's criterion, 124 
Temperature and, 45 
Vlstaril. 397 
Vitali test, 451 
Vitamin, 703-09 

A, 703-04 

B Complex, 705 
Bn 705 

B, , 707 
Bm, 709 

C, 708 

adrenal gland and, 708 

barbiturates, enhanced by deficiency, 709 

role in wound healing, 708 

D, 704 

effects on calcium, 611 

E, 704 

K. 704-705 
role in clotting, 641 
Vitamins, K. 663 
Volatile anesthetics 
sapor pressure of, 55 
Vobble drugs 
absorption of, 137 
elimmation, 732 
separation from tissues, 739 
Volaldily 

effects of halogenatlon, 304 
Volhard and Farr test. 673 
Volpitto. P.. 589 
Volt, micro, 586 
Voltage 

breakdown, 539 
Voltmeter, 533 
V'olume 
discharge 

viscosity and, 44. 45, 46 
molecular, 584 
Volumes 
gas, 87 
per cent 

definition of, 132, 215 
Voluntal. 364 
Vonedrine, 453 
Vontil 

stnirture, 39-4 

w 

Wagners reagent, 331 
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Wallerian degeneration, 690 
from local anesthetics, 426 
IVarbui^ 

adsorption theory, 569 
apparatus, 578 
Wannth 

sensory perception of, 716 
Water 

adhesion of, 10 
balance 

role of chloride, 614 
electrolysis of, 188 
flow rate of, 24 
for gas analysis, 209 
hnastion 

during carbon dioxide absorption, 160 
glass, 159 

heat capacity of, 52 
heat conductivity, 47 
heat conductivity of, 717 
heat of vaporization, 52 
in alcohol, 269 
in brain, 633 
ionization of, 155, 205 
solubihty of D'^gen in, 188 
vaporization of, 52 
vapor 

diffusion through rubber, 131 
pressure of, 82 
speed of sound in, 217 
tension in alveoli, 132 
tension in lungs, 85 
Waters 

caimister, 153 

Ralph, M., 152, 15S, 163, 260 
Waves 

electromagnetic, 225 
Waxes, 680 

Weight atomic, definition, 8 


Welding 

o^gen for, 189 
Westphal balance, 574 
Wet-dry bulb thermometer, 83 
Wet towel intercoupling 
photo, 548 

Wheatstone bridge, 217 
to determine humidity, 84 
White matter, 683 
oxygen utilization, 722 
Wick 

moisture and, 74 
Wilson 

development of soda lime by, 158 
WinWers Solution, 191 
Woods metal, 72 
World Health Organization 
cylinder colors, 68 
Wyamine 
structure, 453 

X 

Xanthine, 578 
Xanthines, 506 
Xenon. 202, 204-206, 564 
distribution, 204 
hydrates of, 204, 585 
in air, 185 
properties, 204 

Xylocaine, 411, 435 (obo tee Lidocaine) 

Z 

Zacterm, 360 (also see Azocycloheptane) 
structure, 358 
Zmcates 

as carbon dioxide absorbents, 158 
Zinc turbidity test, 663 
Zoxazolamine, 471 



